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Portuguese Physical Literacy Assessment (PPLA): Development
and Validation of an Instrument for Adolescents in Physical
Education

Abstract

The main purpose of this PhD thesis was to develop and validate a novel criterion-
referenced Physical Literacy (PL) assessment system for application in Portuguese
PE for grade 10-12 adolescents (15-18 years): the Portuguese Physical Literacy
Assessment (PPLA). Inspired by the Australian Physical Literacy Framework (APLF),
this tool is comprised of two instruments assessing the physical, cognitive,
psychological, and social domains of PL: 1) PPLA-Questionnaire (PPLA-Q) and 2)
the PPLA-Observation tool (PPLA-0O).

The first is a self-administered questionnaire with three modules, each respectively
designed to assess the psychological, social, and part of the cognitive domains of PL;
while the latter is an instrument with two modules that uses teacher-reported data
to assess the physical and the remainder of the cognitive domain of PL. PPLA
development and validation process is presented through five scientific papers: the
first and fourth present the development of both instruments, marrying
quantitative and qualitative methods; while the second, third and fourth establish
evidence for the content and construct validity (dimensionality, measurement
invariance across sex, and convergent and discriminant validity), as well as
reliability (score and test-retest) at element-level, within each of the four domains
assessed. Finally, the fifth articles focus on the integration of the full PPLA
measurement model with all domains and elements, establishing its construct

validity and reliability.

Overall, the PPLA emerges as a highly feasible tool for the PE context that can be
completed in around 20 minutes (students filling in the PPLA-Q) plus time spent by
PE teachers in data insertion/copying into the PPLA-O spreadsheet. Its
measurement model is best represented through an asymmetrical bifactor model,
allowing for disentangling the variance associated with a general PL trait - referent
to a transversal broadband meta-learning or disposition in movement settings —

from variance of specific group factors (domains).
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PPLA can be used to provide a detailed and feasible assessment of each student’s PL
journey, and to support pedagogical decisions (at local, regional, and national level)
towards a more meaningful and targeted PE environment to promote PL learning.
Further research is warranted in replicating these findings outside an imposition-
laden COVID-19 setting, along with multiple fine-tuning to the PPLA. Similarly,
adaptation of this tool to other age-ranges and its use as an aid in monitoring and

advocating for PL inside a quality PE setting are open threads for future work.

Keywords: physical literacy, assessment, physical education, development,

validation, high-school, adolescence.
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Avaliacao  Portuguesa da Literacia Fisica (PPLA):
Desenvolvimento e Validacaio de um Instrumento para

Adolescentes em Educacao Fisica

Resumo

O principal objetivo desta tese de doutoramento foi desenvolver e validar um novo
sistema de avaliacdo de Literacia Fisica (LF), baseado num referencial criterial, para
aplicacao em adolescentes portugueses do 10° ao 12° ano de escolaridade durante as
aulas de EF: Portuguese Physical Literacy Assessment (PPLA). Inspirando-se no
modelo australiano de LF (APLF), este sistema é composto por dois instrumentos
que avaliam os dominios fisico, cognitivo, psicolégico e social da LF: 1) PPLA-
Questionario (PPLA-Q) e 2) PPLA-Observagdo (PPLA-0).

O primeiro é um questionario autoadministrado com trés modulos, cada um
concebido, respetivamente, para avaliar os dominios psicoldgico, social, e parte do
dominio cognitivo da LF; ja o Gltimo é um instrumento com dois médulos que utiliza
dados reportados pelos professores de EF para avaliar o dominio fisico e o resto do
dominio cognitivo da LF. O seu processo de desenvolvimento e validacdo é
apresentado através de cinco artigos cientificos: o primeiro e quarto apresentam o
desenvolvimento de ambos os instrumentos, através de métodos qualitativos e
quantitativos; ja o segundo, terceiro e quarto artigo estabelecem evidéncia para a
validade de contetudo e construto (dimensionalidade, invariancia de medicao em
diferentes sexos, e validade convergente e discriminante) e fiabilidade (score e teste-
reteste) do PPLA ao nivel micro (elementos da LF). Finalmente, o quinto artigo foca-
se na integracao do modelo completo de medicao do PPLA com todos os seus
dominios e elementos, estabelecendo evidéncia da sua validade de construto e
fiabilidade.

Globalmente, o PPLA emerge como uma ferramenta altamente viavel para aplicacdo
em contexto de EF que pode ser completada em cerca de 20 minutos (preenchimento
do PPLA-Q pelos alunos) acrescidos do tempo de inser¢dao de dados, por parte do
professor, na folha de calculo do PPLA-0. O seu modelo de medicdo é melhor
representado através de um modelo bifatorial assimétrico, que permite separar a
variancia associada a uma competéncia geral de LF - referente a uma meta-

\%



aprendizagem ou disposicdo transversal as diversas competéncias e contextos de
movimento - da varidncia especifica associada a cada dominio; permitindo também
a andlise independente do efeito ou relacdao de cada dominio com variaveis de
interesse futuro. O PPLA pode ser utilizado para facultar uma avaliacao detalhada e
acessivel do percurso efetuado por cada estudante na sua LF, e para apoiar decisdes
pedagobgicas (a nivel local, regional e nacional) com fim a tornar a EF um ambiente
mais orientado para promover a aprendizagem deste conjunto de competéncias. De
futuro, é necessaria mais investigacdo no sentido de replicar os resultados obtidos
nestes estudos, fora de um cenario fortemente limitado pela pandemia de COVID-
19; e de efetuar multiplas afinacdes ao PPLA. Do mesmo modo, sdo topicos abertos
para trabalho futuro a adaptacdo desta ferramenta a outras faixas etarias e a sua
utilizacao como suporte na monitorizacao e disseminac¢ao da LF como um dos focos

de desenvolvimento de EF de qualidade.

Palavras-chave: literacia fisica, avaliacdo, educacdo fisica, desenvolvimento,

validacdo, ensino secundario, adolescéncia.
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Portuguese Physical Literacy Assessment (PPLA)

Introduction

Physical Literacy (PL) is a concept based on lifelong holistic learning acquired and
applied in movement and physical activity (PA) contexts (Sport Australia, 2019).
Arguably, the most seminal contribution to the development of the concept in
modern pedagogy have been the works of Margaret Whitehead (2001, 2007, 2010),
which conceptualized PL as the motivation, confidence, physical competence,
understanding and knowledge to maintain physical activity throughout the life
course; a definition that was later adopted by the International Physical Literacy
Association (2017) and by the Canada’s PL Consensus Statement (Tremblay et al.,

2018).

Notwithstanding its lifelong development, sowing the seeds of PL during school-
age seems critical, as participation in early childhood might predict adherence to
active lifestyles throughout life (Telama, 2009; Telama et al., 2014), counteracting
the high levels of physical inactivity observed in adolescents and adults (Guthold et
al., 2018, 2020). In this line, PL development is implicit in the World Health
outcome of quality physical education (PE) (UNESCO, 2015). The latter is a privileged
environment — mandatory, free and qualified — for learning the life skills and values
needed for active and global citizenship (Onofre, 2017), with a relevant effect on PA
participation of adolescents (Uddin et al., 2020). Thus, many authors have
underlined the need to operationalize this concept in school curricula and

educational policies (Corbin, 2016a; Dudley, 2015; Dudley, Cairney, et al., 2017)

Despite a general consensus on the ultimate goal of PL — sustained lifelong PA
participation (Whitehead, 2013a, 2013b) —, its proposed conceptualization and
constituent elements differ across sources (L. Edwards, Bryant, Keegan, Morgan, &
Jones, 2017; Liu & Chen, 2021; Martins et al.,, 2020). These range from
philosophically-driven conceptualizations, like Whitehead’s PL original
proposition (Whitehead, 2001) — rooted in the philosophical tenets of monism,
phenomenology, and existentialism - to diametrical conceptualizations focusing
solely on one of its aspects (e.g., fundamental movement skills) (D. B. Robinson et
al., 2018). Although recognized as a rich theoretical concept, the former might lack

pragmaticism to be implemented in PE practice (L. Edwards, Bryant, Keegan,
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Morgan, & Jones, 2017; Longmuir & Tremblay, 2016): while the later might deviate
from the holistic nature of PL, compromising crucial elements like pleasure and

enjoyment in taking part in PA (Pot et al., 2018).

This tension also translates into PL assessment, a crucial element in its
implementation and practice (Corbin, 2016a). As conceived by Whitehead, PL favors
an ipsative-referenced frame (Standal, 2016), based on an idealist/interpretative
paradigm (L. Edwards, Bryant, Keegan, Morgan, Cooper, et al.,, 2017), which
presents a diametrical view to normative references that underlie most standardized
testing settings. In both arenas — conceptual and measurement - a middle-ground
compromise in the form of adequate criterion-referenced assessment might offer a
tenable and comparable solution across different contexts: using clear and
measurable outcomes, while honoring most of the philosophical-driven premises

that define the concept (D. B. Robinson et al., 2018; Young et al., 2019).

To this end, a team of Australia-based researchers developed the Australian Physical
Literacy Framework (APLF) (Keegan et al., 2019; Sport Australia, 2019), an evidence
-based, integrated model of PL in the physical, cognitive, psychological and social
domains with 30 different elements. This model was designed with implementation
in mind — be that by practitioners, policy-makers, and researchers — and is novel in
that it explicitly acknowledges the contribute that PL might play in cultural and
social participation. It also provides a clear focus on a learning continuum, inspired
by the Structure of Observed Learning Outcomes taxonomy (Biggs & Collis, 1982),
designed to include individuals in different states of their PL journey: from their first
steps (pre-foundational) to higher stages of proficiency (transfer & empowerment)

(Keegan et al., 2017, 2019).

A few assessment instruments have been developed, under diverse conceptual
models (L. Edwards, Bryant, Keegan, Morgan, Cooper, et al., 2017; Liu & Chen, 2021,
Shearer et al., 2021). Of these, the most prolific research-wise have been the
Canadian Assessment of Physical Literacy (Francis et al., 2016; Gunnell et al., 2018),
and the Physical Literacy Assessment for Youth (Cairney et al., 2018). Both tools
integrate observational procedures and self-report, and feature overall good
feasibility in PE (Shearer et al., 2021) but lack options for older adolescents (15-18

years), a critical age range in Portugal in which adolescents tend to present lower
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Portuguese Physical Literacy Assessment (PPLA)

levels of PA (Baptista et al., 2012; Martins, Marques, et al., 2019; Matos & Equipa
Aventura Social, 2018). This age group is therefore a priority target in the Portuguese
PE setting for PL development, contributing to lifelong and meaningful engagement

in physical activity.

Research goals and thesis structure

The main purpose of this PhD thesis was to develop and validate a novel criterion-
referenced PL assessment system for application in Portuguese PE for grade 10-12
(15-18 years) adolescents: the Portuguese Physical Literacy Assessment (PPLA).
This tool is comprised of two instruments (Figure 1): PPLA-Questionnaire (PPLA-
Q) and the PPLA-Observation tool (PPLA-0O). The first is a self-administered
questionnaire with three modules, each respectively designed to assess the
psychological, social, and part of the cognitive domain of PL; while the latter is an
instrument with two modules that uses teacher-reported data to assess the physical
and the remainder of the cognitive domain of PL. Both instruments make use of the
APLF model’s domains, elements and learning continuum conceptualization to
provide a detailed and feasible assessment of each student’s PL journey, that may
support pedagogical decisions (at local, regional, and national level) towards a more
meaningful and targeted PE environment to promote PL learning. This process is
presented through five scientific papers': one published, and four in the final stages
of preparation for submission. The choice to compose this thesis of scientific papers
written in English, affords a unique opportunity to contact early on with the peer-
reviewing, and publishing process - essential to the current ethos of academia; and
to contribute to the international dialogue about PL measurement in a timely and

accessible manner.

1 Other scientific work during the doctorate (not part of the thesis):

Published Papers:

Martins, J., Onofre, M., Mota, J., Murphy, C., Repond, R.-M., Vost, H., Cremosini, B., Svrdlim, A., Markovic, M., & Dudley, D. (2020).
International approaches to the definition, philosophical tenets, and core elements of physical literacy: A scoping review.
PROSPECTS. https://doi.org/10.1007/s11125-020-09466-1 [Impact Factor: 0.67]

Peer-reviewed oral communications:
Mota, J., Martins, J., & Onofre, M. (2021). Portuguese Physical Literacy Assessment Questionnaire (PPLA-Q): Development, content
validation and pilot testing. Book of Abstracts for AIESEP 2021, 311.

Martins, J., Onofre, M., Mota, J., Murphy, C., Repond, R.-M,, Vost, H., Cremonesi, B., Svrdlin, A., & Markovic, M. (2019). A review of
different international approaches to the definition and core elements of physical literacy. Book of Abstracts for AIESEP 2019, 496.


https://doi.org/10.1007/s11125-020-09466-1
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Prior to presentation of the main body of research, a general overview of the
research design choices, and relevant measurement theories and models will be
given in Chapter 1. This overview presents a description of conceptual and
methodological frameworks that are common across all following chapters, which
would be unwarranted in published work due to its extension. Chapter 1 also
provides a summary of the main methods used throughout the project. All other PL-
related content is reviewed extensively inside Chapter 2 to 6 (paper chapters). After
the presentation of the main research, a final synthesis of the results, as well as
conclusions, limitations, and future perspectives will be addressed in Chapter 7. In
the interest of parsimony, a single references list is provided at the end of this thesis,

along with a single repository of Additional Files.

The main research work was developed through multiple phases of development and
validation, mapped in Figure 1 to the Chapters of this thesis to frame the reader’s
understanding and expectations. Validation entailed collecting evidence from
multiple sources on validity and reliability of the intended instruments (American
Educational Research Association et al., 2014; Hubley & Zumbo, 2011; Mokkink et al.,
2018; Prinsen et al., 2018) and overarching PL model. This was done in a bottom-up
approach to ensure minimal propagation of error: element-level validation led to

domain-level, and PL-level (Figure 1; right panel).
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Figure 1. Left panel: Thesis map of Portuguese Physical Literacy Assessment (PPLA) development and
validation phases; a - PPLA-Questionnaire (PPLA-Q); b — PPLA-Observation (PPLA-0). Right panel: Thesis
map of the Portuguese Physical Literacy Assessment (PPLA) validation?

Legend: MA — Manipulative-based Activities; SA — Stability-based Activities; CK — Content Knowledge;

MT-Motivation; CN-Confidence; ER — Emotional Regulation; PR — Physical Requlation; ET - Ethics ; CB -
Collaboration ; RL - Relationships ; CL — Culture.

Paper 1 (Chapter 2)

Full title: Portuguese Physical Literacy Assessment Questionnaire (PPLA-Q) for
adolescents (15-18 years) from grades 10-12: development, content validation and
pilot testing

Short title: PPLA-Q Development, Content Validity and Preliminary Construct
Validity

Paper 1 will present the development, content validation and preliminary construct
validity and reliability for the PPLA-Questionnaire (PPLA-Q), one of two
instruments of the PPLA system. Here will also be detailed the rationale and design

choices common to both tools. Much of what was presented in the preceding

2 Note: although the final PPLA model corresponds to a bifactor representation, a hierarchical second-order
model is presented here for simplicity of presentation.
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introduction will be echoed through this, and other chapters, due to their
publication as mostly self-contained pieces of literature. This paper was adapted
from its published version in form only (i.e., citation style, common references, and
additional files) to coherently integrate with the remaining chapters, with no

alterations to its content.

Paper 2 (Chapter 3)

Full title: Portuguese Physical Literacy Assessment Questionnaire (PPLA-Q) for
adolescents (15-18 years) from grades 10-12: validity and reliability evidence of the
Psychological and Social modules using Mokken Scale Analysis

Short title: PPLA-Q Psychological and Social Modules Construct Validity and
Reliability

Paper 2 will detail the assessment of multiple aspects of construct validity and
reliability of the Psychological and Social modules of the PPLA-Q_through Non-
Parametric Item Response Theory models (Mokken Scale Analysis), namely their
dimensionality, measurement invariance (across sexes), convergent and
discriminant validity, score reliability, and test-retest reliability. As will be common
across the following papers, scoring implications and suggested revisions to these

modules are discussed.

Paper 3 (Chapter 4)

Full title: Portuguese Physical Literacy Assessment Questionnaire (PPLA-Q) for
adolescents (15-18 years) from grades 10-12: item response theory analysis of the
content knowledge questionnaire

Short title: PPLA-Q Cognitive Module Construct Validity and Reliability

Paper 3 details the assessment of construct validity and reliability of the Cognitive
module of the PPLA-Q: a) internal structure/dimensionality, measurement
invariance (across sexes), reliability (score and test-retest). These were based on
Parametric Item Response Theory (PIRT) models, which permitted a deeper analysis
of item’s behavior and scoring implications at different ranges of knowledge (latent

continuum).
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Paper 4 (Chapter 5)

Full title: Portuguese Physical Literacy Assessment Observation (PPLA-O) for
adolescents (15-18 years) from grades 10-12: development and validation through
Item Response Theory

Short title: PPLA-O Development, Construct Validity and Reliability

Paper 4 introduces the development of the PPLA-Observation (PPLA-0), the second
instrument of the PPLA, using content analysis of the Portuguese PE syllabus and
literature review. It also details the assessment of construct validity
(dimensionality, measurement invariance, convergent and discriminant validity)
and reliability (score) of one of its modules (Movement Competence, Rules and

Tactics) through multidimensional PIRT models.

Paper 5 (Chapter 6)

Full title: Portuguese Physical Literacy Assessment for adolescents (15-18 years)
from grades 10-12: validation using Confirmatory Factor Analysis and Confirmatory
Composite Analysis

Short title: Full PPLA Construct Validity and Reliability

Paper 5 analyzes the construct validity and reliability of the full PPLA model,
integrating variables from both instruments (PPLA-Q and PPLA-0O) through two
different measurement paradigms (reflective and composite-formative),
culminating in a pragmatic choice for an asymmetrical bifactor measurement
model. It also provides a literature review of conceptual issue germane to ontology
of measurement models, and implications for PL assessment of both these

paradigms are discussed, along with multiple scoring recommendations.
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CHAPTER 1 - General Overview of Research
Paradigm and Methods
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Research paradigm

Underlying any research effort are specific paradigms composed of ontological and
epistemic assumptions regarding the phenomenon under study that will influence

the choice of study design and methodologies used (Creswell & Creswell, 2018).

As hinted during the introductory note, the Whiteheadian school of thought
approaches the conceptualization of PL through an essentially constructivist
/interpretative worldview, assuming epistemic phenomenology and existentialism
(i.e., positing that each individual experiences and construes the world in an
inherently unique perspective, influenced by previous experiences and
characteristics; Pot et al., 2018; Whitehead, 2010), as well as an ontological monism
(i.e., reality is a whole without independent parts; embodied experience must be
understood as a whole). As such, through this frame of reference, PL. would be better
studied using qualitative approaches and ideographic methodologies (Burrell &
Morgan, 2019), which focus on understanding the multiple realities than are
spanned within the individual sphere in an holistic interaction between all
attributes/domains of PL, refuting any attempt at assessing this construct using
standardized procedures (L. Edwards, Bryant, Keegan, Morgan, Cooper, et al., 2017;

L. Edwards, Bryant, Keegan, Morgan, & Jones, 2017).

Diametrically, a strictly postpositivist worldview usually underlies the
consideration and assessment of PL attributes in a reductionist fashion (e.g.,
movement competence/fundamental movement skills, physical fitness), entailing
the assumption of ontological realism and epistemic positivism (i.e., reality is
tangible through usage of objective measures; Creswell & Creswell, 2018). Through
this lens of analysis, PL would be better studied through quantitative, nomothetic
methodologies (Burrell & Morgan, 2019), focusing on classical standards of validity
and reliability — concerned solely with the group-level relationships, or criteria
external to the individuals being assessed (Hubley & Zumbo, 2011; Markus &

Borsboom, 2013).

Sport Australia’s view on PL takes a middle ground positioning, assuming a
pragmatic paradigm. Through this, a problem-centered approach is taken,
recognizing that the ontological and epistemic considerations are important, but

focus is on applying the concept in research, and educational practice (Keegan et al.,

9
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2019) through an integrated operationalization and understanding of all
dimensions that underlie PL; recognizing that assessment must consider both
measurement validity standards and contextual variables (Barnett et al., 2019). As
such, mixed methodologies that integrate a triangulation of data sources (i.e.,
quantitative, data-driven inferences; and qualitative, meaning-driven inferences)
might be more adequate for this positioning (Creswell & Creswell, 2018). Similarly,
mixed-methods designs align with the most updated vision on validity as centered
on the premise of marrying quantitative with qualitative methods to analyze the
elicited response process, and its meaning to the individuals being assessed

(American Educational Research Association et al., 2014; Chan, 2014).

Thus, a pragmatic paradigm was used throughout this thesis, using a convergent
mixed methods approach (Creswell & Creswell, 2018) in which both qualitative
methods (e.g., cognitive interviews, content analysis, qualitative expert evaluation)
and quantitative methods (e.g., quantitative expert evaluation, Structural Equation
Modelling [SEM]) were used to produce a cabal understanding of the problem of the
assessment of PL in Portuguese PE setting. A systemic approach supported the
domain identification, measure design process and validation, recognizing that
although PL is a single complex and integrated conceptual framework, development
in its multiple attributes is best tackled through identification and learning on key
critical areas that will, according to their specificity, require different learning
strategies on the part of the PE teachers, and of the student. Thus, throughout the
following chapters, the term holistic will take the meaning of a systemic, integrated
view, rather than a truly canonical view of holism. Similarly, throughout the
research described in Chapter 2-6, methods were chosen based on their contextual
usefulness, in constant dialogue between deduction (previous theory) and induction
(understanding of the data at hand, and its originating conditions), towards this

thesis’ main goal, as will be exemplified in the next section.

Measurement

Similarly to the positions expressed above, decisions regarding the ontology of PL
and paradigm choice are central to the definition of the measurement model and
methods used to validate it (J. R. Edwards & Bagozzi, 2000; Henseler, 2021; Sarstedt

et al., 2016): While a vision closer to anti-realism espoused by the Whiteheadian base

10
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of phenomenology (Whitehead, 2010) would lend itself to assuming PL as a social
and personal construction — an artifact/emergent variable without ascribed
existence or common cause, with the different attributes or elements
forming/defining PL, as composite indicators (e.g., Henseler, 2021); a vision
centered on canonical measure development and realism would point itself to a
latent variable interpretation, using attributes/element as interchangeable
reflective indicators of PL (Figure 2). There are, however, other practical
implications that are germane to this choice (e.g., scoring of results obtained by the
instrument). As such, in Chapter 2 an initial hypothesized measurement model will
be put forth, based on the idea that at macro-level PL could be seen as an emergent
variable composed of four non-interchangeable correlating domains (also
emergent variables), which are finally composed of elements. Most of these
elements were initially hypothesized as being an emergent variable due to
methodological limitations of the most used Classical Test Theory-based analysis
(factor analysis [FA]). As the work progressed, it became clear that other Item
Response Theory-based methodologies could be used, and these elements
considered as latent variables (i.e., unidimensional constructs) — this will be
addressed in Chapter 3, when the dimensionality of the Psychological and Social
elements are studied. Finally, in chapter 6 the hypothesis that PL could be
considered an emergent variable is tested, and both practical and conceptual
implications discussed through a pragmatic lens — there will be also place to a

literature review that deepens the relationships presented in Figure 2.

11
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Figure 2. Heuristic relationship between research paradigms and measurement approaches and
methods

In the following sections, an overview of relevant measurement methods in an
unitary perspective of SEM (Henseler, 2021) will be presented to frame the

understanding of chapters 2 to 6.

Measurement theory — reflective measurement

Validity evidence in a reflective measurement setting can be obtained according to
two widely researched measurement theories: Classical Test Theory (CTT), and Item
Response (IRT). Each presents contextual advantages (Raykov & Marcoulides,
2016), and as such, were used throughout work presented in later chapters in a
complementary manner. Also, since the dominant methodologies in movement
sciences are still CTT-based (Ntoumanis & Myers, 2016), a deeper focus will be

given here to IRT methodologies.

Classical Test Theory and derived methodologies

Canonical CTT — as presented in the work of early authors - is a theory majorly
concerned about error measurement, and thus reliability, making no claims about
the existence of an underlying latent variable, nor implying any specific model
(Markus & Borsboom, 2013; Sijtsma & Ark, 2021). Analysis is this lens included
calculation of o coefficient (Cronbach, 1951), and item analysis (difficulty and

discrimination index, and distractor analysis). These were conducted as preliminary

12
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means to assess item quality in Chapter 2 (Content Knowledge module), given their

low sample size requirement.

Historically, the need to explicitly model latent variables brought the need of more
robust statistical methodologies, and thus the onset of FA methodologies (e.g.,
Confirmatory Factor Analysis [CFA]), which are the base for most instrument
development work in the psychological and social sciences (Immekus et al., 2019).
These methods have the advantage of comporting estimation of large nomological
networks with flexibility to constrain or free any possible parameter (Brown, 2015;
R. B. Kline, 2016), and as such were used to study the macro dimensionality

(domain-level and higher) of the PPLA measurement model in Chapter 6.

Despite its flexibility, regular FA is not equipped to deal with categorical variables
(e.g., Likert-type items, correct/incorrect responses on a knowledge test), being
designed to deal with continuous variables, with a linear response function (i.e.,
where higher level on the latent trait, should produce a higher score on the item;
Reise et al., 2000). Some estimators in CFA (i.e., WLSMV) are able to partially
circumvent this limitation, however require larger sample sizes to attain stable

solutions (Brown, 2015), and do not provide the useful tools delineated below.

This framework also assumes that unidimensional scales are composed of items
that present equal frequency distribution (same mean and standard deviation), thus
not accounting for difficulty variations in items (van Schuur, 2003); which might
lead to emergence of method factors pertaining to groupings of difficulty (Reise et

al., 2000; Sijtsma & Ark, 2021).

Item Response Theories and derived methodologies

Item response theory presents a family of models that are inherently designed to use
all information available in categorical items without resorting to WSLMV
estimation in FA (Bock & Gibbons, 2021). In line with similarities with regular FA -
assuming an underlying trait that influences responses to items - these models can
be envisioned as a non-linear analogous versions of FA (Immekus et al., 2019),
named collectively as Item Factor Analysis (IFA; (Wirth & Edwards, 2007). This
non-linear character also aligns closely to the idea of a learning continuum posed in

the APLF (Keegan et al., 2019). Due to this, IRT models present many widely

13
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documented advantages for item-level analysis (DeMars, 2010; Dima, 2018;

Embretson & Reise, 2000; Hambleton et al., 1991; Singh, 2004), including:

a) explicitly modelling the interaction between the item characteristics and a
person’s ability/trait (denoted by the Greek theta letter 8) (Meijer & Tendeiro, 2018);
allowing the estimation of essentially sample-independent parameters to evaluate

model, item and person fit;

b) the possibility to analyze item and test information (and thus reliability) at
different 6 ranges, (Hambleton et al., 2010): i.e., the more information provided by a
test at a particular level of 8, the smaller the measurement errors will be at this level.
This differs from the usual CTT and FA’s practice of using a general summary of
reliability for all levels across 6 (e.g., a, or McDonald’s »); and approaches the
exhorted view of validity as contingent on intended application and interpretation

of a test (American Educational Research Association et al., 2014);

c) allowing the use of mixed-format tests (e.g., tests composed of single-choice
items and Likert scales), with no unbalanced impact upon tests scores (Embretson

& Reise, 2000);

d) providing a robust visual inspection toolkit: including item characteristic curves
(ICC; Figure 3) — which depicts the probability of correct response in function of 9,
also named option characteristic curves (OCC; Figure 4) in ordinal and nominal
models; the item information function (IIF) — which depicts the amount of empirical
information given by each item across 6 (Toland, 2014); and test information function
(TFT) which depicts the sum of all IIF included in the test, proving a complete
picture of the test’s ability to accurately measure different levels of 6, and allowing

tailoring to target specific ability levels (Sijtsma & Ark, 2021).

IRT Models assumptions

All (unidimensional) IRT models bear three assumptions, that must be assessed
before meaningful interpretation of parameters: 1) unidimensionality; 2) latent
monotonicity; 3) local independence. (Finch & French, 2019). Unidimensionality
implies that items homogenously represent a single latent trait — when this
assumption is not tenable, multidimensional IRT (MIRT) models can be used
(Reckase, 2009). Latent monotonicity implies that a student with a higher latent

trait level will obtain a higher score on items. Local independence implies that,
14
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controlling for the latent trait, students’ response to an item should not be

influenced by their response on other items on the scale.

Non-parametric IRT

Two main classes of models can be conceived in IRT: non-parametric (NIRT), and
parametric. NIRT models are so named due to imposing less restriction on the
expected response pattern of items (Sijtsma & Ark, 2021). These are particularly
useful for affective variables (e.g., Reise & Waller, 2009), since their underlying
response processes might not conform to more rigidly defined response patterns

implied by parametric models (van Schuur, 2003; Wind, 2017).

One of the available methodologies to explore NIRT application is Mokken Scale
Analysis (MSA). MSA assesses the fit of two NIRT models initially proposed for
dichotomous data (e.g., correct or wrong responses; Mokken, 1971), and later
generalized for polytomous data (e.g., Likert-type scales; Molenaar, 1990, 1997): 1)
monotone homogeneity model (MHM), and 2) double monotonicity model (DMM).
If the MHM fits the data, individuals can be ranked on the latent trait based on their
total score on the scale (sum score of all items). The DMM adds upon the above three
canonical assumptions, that of Invariant Item Ordering (IIO), requiring non
intersection of item response functions (analogous to item/option characteristic
curve) (Sijtsma et al., 2011; Sijtsma & van der Ark, 2017). If the DMM fits the data,
items can be ordered according to their difficulty (i.e., mean score), presenting an
order that is equal across different-ability students, forming a hierarchical Mokken

scale. This methodology was the base of the work conducted in Chapter 3.

Parametric IRT

Parametric IRT models for dichotomous data are named according to the number of
item parameters that are freely estimated (Figure 3). These can be 1)
discrimination/slope; 2) difficulty/threshold; and 3) guessing. The discrimination
parameter (also a) can be interpreted as the strength of the relationship between the
item and 6 (De Ayala, 2009; DeMars, 2010); higher discriminating items are thus
ideal; its FA analogous are factor loadings (Finch & French, 2019). The difficulty
parameter (also b), as its name implies, can be interpreted as how hard an item is to
correctly answer (i.e., the 6 point at which the student is estimated to have 50%

chance to answer correctly in a 1-parameter, or 2-parameter model; Nering, 2010).
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Both the difficulty parameter and person 6 estimate are on the same metric
(interpretable as a z-score; Toland, 2014); and there is no ideal difficulty value, as it
will depend upon which 6 range the test intends to measure accurately (a departure
from the idea of CTT that items should have a middle range difficulty) — its FA
analogous are item intercepts. Finally, the guessing, or pseudo-chance parameter
(also c) corresponds to the probability that a student will correctly answer an item
without having achieved the estimated 6 required (Finch & French, 2019); it has no

analogous in FA.
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Figure 3. Item Characteristic Curve for a 2-parameter logistic (2PL) and a 3-parameter logistic (3PL) item -
plot created using ShinyltemAnalysis (Martinkovd & Drabinovd, 2019)

The 1-parameter logistic model (1PL; credited to Rasch, 1960) constrains items to
have equal discrimination (i.e., freely estimates item’s difficulty). This model
implies a tau-equivalent model (McNeish & Wolf, 2020), and will result in a test score
that is a simple transformation of the raw sum-score (Wu et al., 2016). The 2-
parameters logistic model (2PL; Birnbaum, 1968) freely estimates discrimination
parameters for all items, and uses them to weight responses. The 3-parameters
logistic model (3PL; Birnbaum, 1968) freely estimates all three parameters

mentioned above.

All dichotomous IRT models above discard information present in distractors (i.e.,
incorrect options), meaning that a response to distractors with different levels of
correctness have no bearing on the estimation of 6 for each student. In practice, each

distractor will probably elicit different degrees of partial knowledge (Desjardins &
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Bulut, 2018). Recognizing this, ordinal and nominal IRT models can be applied to
extract further information from distractors. The 2PL equivalent for ordinal level
data (in items which the level of correctness of each distractor is known
beforehand), the graded response model (GRM; Samejima, 1969) can be applied to
estimate a discrimination parameter, plus k-1 (k= number of response categories)
thresholds (representing the 6 point at which a student has 50% probability to score
in that category or higher; DeMars, 2010). For nominal level data (items in which the
level of correctness of each distractor is dubious or unknown) a nominal response
model (NRM; Bock, 1972) can be estimated to model different discrimination (slope)
and threshold (i.e., popularity; intercept) parameters for each distractor, and assess

the relative correctness of each distractor.

1.00

ity

0.75 4

0.50 +

Category probabil
o

0.00 ~

-4 5, 0 2 4
Ability(8)

Figure 4. Option Characteristic Curve for a Graded Response Model item with a maximum score of 4 points
(Y=4); a=1.5, bi=-2, b,=0, b;=0.5, b,=1 — plot created using ShinyltemAnalysis (Martinkovd & Drabinovd,
2019)

Note: at 9 = b, the sum of the probabilities of obtaining 2, 3 and 4 points is 50%.

Another improvement is suggested in the form of nested logit models (NLM; Suh &
Bolt, 2010), which suggest that response to a single selection item can be best
characterized by a two-step hierarchical (nested) model: the first step modelling the
probability of select the correct response versus the distractors through a
dichotomous model (e.g., 2PL); and a second step, modelling the probabilities
associated with each distractor through a NRM. These parametric IRT models will
be used in Chapter 4. Its multidimensional extensions (MIRT) — which due to
parameterization, will be similar in methodology to regular CFA models — will be

explored in Chapter 5.
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Measurement theory — formative measurement
In the interest of parsimony, formative measurement and its specifications will be
described in Chapter 6’s literature review, where its understanding will be germane

to testing the full PPLA model in both a formative, and reflective manner.

Overview of methods

Participants

This project used four different main samples of experts, PE teachers and students
throughout its studies: 1) an expert sample (N=11), 2) an initial cognitive interview
students’ sample (N=4), 3) a pilot testing sample from two schools (Nstudents = 41,
Nteachers = 2), and 4) an initial validation sample from six different schools (Nstudents =
521, Nieachers = 22). Figure 5 provides a global flowchart for these samples. All
participant classes were from grade 10 to 12 Portuguese public schools in the Lisbon
metropolitan area. To avoid difficulties imposed by COVID-19 (e.g., school’s refusal
to participate to minimize outside contact) during the project’s timeline, all schools
were selected from a pool of schools with PE preservice protocol with the Faculty of
Human Kinetics. Details of these sample are detailed in each main chapter, along

with information regarding stratification and sample characteristics.

Expert evaluation? | Cognitive Interviews? Initial Validation*¢
! Participants

I Pilot Testing?s
|
I N=4; 2 classes |
|
|

Invited experts Eligible students

N =58

Eligible students
N=611

Feb. 2020

Participating experts Participants Participants
N=11 N =412; 2 classes N =521; 25 classes
March - Nov. 2020 Pen and paper Missed class on N, =22 Did not participate in

N, =25
Nov. - Dec. 2020

Jan. - March 2021

application day
n=13

PEI due to injury
n=6

Participants
N=282;1class
Dec.2020 - Jan.2021

PPLA-O completed
N =515°
N, =225

PPLA-Q completed
N =508

Pen and paper (n = 60)

Online (n = 448)

PPLA-Q Retest
n = 73*%; 3 classes
15 days after boseline
Online

Legend:

2Chapter 2: PPLA-Q Development

3Chapter 3: Psychological + Social modules (PPLA-Q) Validation CFA- N =521¢

4Chapter 4: Cognitive module (PPLA-Q) Validation " ote data
o on-complete da

sChapter 5: PPLA-O Development 'l e

SChapter 6 : Full PPLA Validation Full PPLA Validation
N, - Teachers’ sample size; CFA - Confirmatory Factor Analysis; CCA - Confirmatory Composite Analysis CCA - n = 4435

Full PPLA Validation

Figure 5. Portuguese Physical Literacy Assessment participants flowchart (data collection date and method
in italics)

Procedures
All data collection procedures were approved by the Ethics Council of Faculty of

Human Kinetics, the Portuguese Directorate-General of Education, and the directive
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boards of each participant school. All participating teachers and students provided a
signed informed consent — underage students also provided a legal guardian’s
signature. Participation was confidential (i.e., only the student and respective PE
teacher got access to student’s results) and anonymous to the research team (i.e.,
each student was attributed a unique identification code throughout the study,
generated by a spreadsheet sent to each teacher; this code replaced the student’s
name in all data collection procedures). Data collection was made by the lead
investigator (i.e., the thesis author), during the timeframes detailed in italics in
Figure 5. Four sets of different procedures were used, each detailed in the pertaining

chapter. A summary is provided below.

1) Expert evaluation

Experts participated in two rounds of assessment of content validity of the PPLA-Q_
via email by filling a provided spreadsheet to rank the relevance and clarity of each
item, and to comment/suggest any alteration needed. These procedures are detailed

in Chapter 2.

2) Cognitive interviews
Cognitive interviews were conducted in three rounds using a semi structured format
to assess the understanding and cognitive processes behind student’s responses to

the PPLA-Q items. There procedures are detailed in Chapter 2.

3) PPLA-Q Pilot Testing and Baseline validation

PPLA-Q was applied in self-administration format following a standardized
introduction encouraging students to provide their most honest responses and
reinforcing the confidentiality of data. This application was initially made in pen and
paper format (Pilot Testing, and initial data collection for validation studies) and
was later changed to online format due to a COVID-19 imposed lockdown. These

procedures are further detailed in Chapters 2 and 3.

3b) PPLA-Q Retest validation

To assess test-retest reliability, a subsample of students completed the PPLA-Q a
second time, in online format, 15 days apart from baseline. Procedures were
otherwise equal to those detailed above for baseline data collection. This procedure

is further detailed in Chapters 3 and 4.
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4) PPLA-O Pilot Testing and Validation

Data collection for the PPLA-O was simultaneous with PPLA-Q application (i.e.,
teacher-reported data was sent to the lead investigator at the time of the PPLA-Q
application). For this, PE teachers filled the PPLA-O in spreadsheet format with data
pertaining to each participating student’s a) observed levels of proficiency in the
different physical activities taught during class (according to the criteria in the
Portuguese PE syllabus), b) results from the FITescola® fitness protocols. Since for
some classes, data collection occurred during lockdown, teachers were asked to
provide the most updated information prior to lockdown. These procedures are

detailed in chapter 5.

Measures

Since the focus of this thesis was the development and validation of the PPLA,
theoretical frameworks for each developed measure are detailed in the chapter 2
(PPLA-Q) and chapter 5 (PPLA-0O). Measures were subject to multiple revisions
throughout the different studies, which are described in the main chapters. Table 1
provides an overview of measures collected, as well as number and typology of items
used in the different phases. We would like to note that the International Physical
Activity — Short Form (Craig et al., 2003), as used in the National Food, Nutrition
and Physical Activity Survey (Lopes et al., 2017), was added to the final pilot testing

and validation phases to allow for model identification detailed in Chapter 6.

Table 1. Overview of measures

PPLA -Q/0 Number of items

Instrument (version) Used in and typology per module
PPLA-Q
PPLA-Q (0.1) — 90 items Cognitive interviews (1%t Cog: 10 knowledge items (single
round) and multiple selection)
Psy: 40 Likert-type 5-point
items
Soc: 40 Likert-type 5-points
items
PPLA-Q (0.2) — 90 items Expert  Evaluation (1%t Cog: NC
round) Psy: NC
Soc: NC
PPLA-Q(0.3) — 88 items Expert Evaluation (2™ Cog: NC
round) Psy: NC
Soc: 38 Likert-type 5-point
items
PPLA-Q(0.4) — 87 items Pilot Testing + Cognitive Cog: NC
IPAQ-SF — 7 items? interviews (2™ round) Psy: NC
Sociodemographic items - 4 Soc: 37 Likert-type 5-point
items? items
Regular PA participation - 2
items?
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Table 1. Overview of measures

Portuguese Physical Literacy Assessment (PPLA)

PPLA -Q/0 Number of items

Instrument (version) Used in
and typology per module
PPLA-Q (0.5) — 99 items Cognitive interviews (3 Cog: NC
round) Psy: 46 Likert-type 5-point
items
Soc: 43 Likert-type 5-points
items
PPLA-Q (0.6) — 99 items Validation studies Cog: NC
IPAQ-SF — 7 items? (construct validity and Psy: NC
Sociodemographic items - 4 reliability) Soc: NC
items

Regular PA participation — 2
items

PPLA-O

PPLA-O0 (1.0)

Pilot Testing and Initial
Validation

MCRT: Proficiency level in 22
Physical Activities from the
Portuguese PE Syllabus (Ordinal
rating scale)

HRF: 5 Health-Related Fitness
protocols’ results from
FITescola® (Continuous and
Ordinal scales)

PPLA-Q — Portuguese Physical Literacy Assessment Questionnaire; PPLA-O — PPLA Observation instrument; IPAQ-SF —
International Physical Activity Questionnaire, Short Form (Craig et al., 2003); Cog — Cognitive module; Psy — Psychological
module; Soc — Social module; MCRT — Movement Competence, Rules and Tactics module; HRF — Health-related fitness module;
NC — number and general typology of items unchanged from last version; PA — Physical Activity; PE — Physical Education

2 as used in the National Food, Nutrition and Physical Activity Survey (Lopes et al., 2017)
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Table 2 provides an overview of the methods used during the development and

validation steps of the PPLA. Methods details, as well as criteria of assessment are

thoroughly approached in each main chapter.

Table 2. Summary table of methods used in validation of the PPLA

Domain level analysis

Higher-order analysis

Physical’ Cognitive>* Psychological®3 Social*3 PPLAS
Content Analysis Based on previous
Content Validity Content Analysis Cognitive interviews litera turepreview*
Expert panel evaluation (CVI and multirater «)
Construct validity
Confirmatory Factor
Analysis — Bifactor
Internal Structure / Multidimensional Nested Logit Models + . models (ECV and PUC)
Dimensionality / Graded Response Graded Response Mokken Scale gil)alysm (H.and Partial Least Squares
Structural validity Model Models SEM
(Weight significance)
Convergent (item Converggl\r}itc()AVE and
parameters and . Convergent (H;) L
e R Convergent (item P X Discriminant (factor
. . bivariate correlations) Discriminant (Disattenuated .
Hypothesis testing S parameters) A . correlations and
Discriminant (factor bivariate correlations) composite
correlations) PO
correlations)

Measurement DIF (Likelihood-ratio DIF (L;l;;lrl(})lgco}ii)—ratlo DIF (stratified H;) .
invariance (sex) approach) DTF (sDTF and uDTF) DTF (stratified Hs)

Criterion-related

Validity
Predictive
Concurrent

Reliability

Score-reliability
(Marginal reliability)

[ ]
Score-reliability
(Marginal reliability,
and Test Information)
Test-retest (ICC, and
Svenson’s method)

Score-reliability (Sijstma —

Molennar p)
Test-retest (ICC)

Score-reliability (w
and wx)

-6 Chapter in which domains will be found
CVI - Content Validity Index; Hs — Coefficient H scale; H; — Coefficient H item; H” — Coefficient H trans; DIF — Differential Item Functioning;
DTF - Differential Test Functioning; ECV — Explained Common Variance; PUC — Percent uncontaminated correlations; AVE — Average

Variance Extracted; SMC — Squared Multiple Correlations (R?); ICC — Intraclass Correlation Coefficient
"Monotone homogeneity model and Double monotonicity model

* (Dudley, Keegan, et al., 2017; Sport Australia, 2019)

o Not assessed; ~ Assessed as a requirement for model identification
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CHAPTER 2 - PPLA-Q Development, Content
Validity and Preliminary Construct Validity
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(PPLA-Q) for adolescents (15-18 years) from grades 10-
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Portuguese Physical Literacy Assessment (PPLA)

Abstract

Background: The Portuguese Physical Literacy Assessment (PPLA) is a novel tool to
assess high-school students’ (grade 10-12; 15-18 years) Physical Literacy (PL) in
Physical Education (PE); inspired by the four domains of the Australian Physical
Literacy Framework (APLF), and the Portuguese PE syllabus. This paper describes the
development, content validation, and pilot testing of the PPLA-Questionnaire
(PPLA-Q), one of two instruments in the PPLA, comprised of modules to assess the

psychological, social, and part of the cognitive domain of PL.

Methods: Development was supported by previous work, analysis of the APLF, and
literature review. We iteratively gathered evidence on content validity through two
rounds of qualitative and quantitative expert validation (n= 11); three rounds of
cognitive interviews with high-school students (n=12); and multiple instances of
expert advisor input. A pilot study in two grade 10 classes (n=41) assessed feasibility,

preliminary reliability, item difficulty and discrimination.

Results: Initial versions of the PPLA-Q gathered evidence in favor of adequate
content validity at item level: most items had an Item-Content Validity Index >.78
and Cohen’s k = .76. At module-level, S-CVI/Ave and UA were .87/.60, .98/.93 and
.96/.84 for the cognitive, psychological, and social modules, respectively. Through
the pilot study, we found evidence for feasibility, preliminary subscale and item
reliability, difficulty, and discrimination. Items were reviewed through qualitative
methods until saturation. Current PPLA-Q consists of 3 modules: cognitive
(knowledge test with 10 items), psychological (46 Likert-type items) and social (43
Likert-type items).

Conclusion: Results of this study provide evidence for content validity, feasibility
within PE setting and preliminary reliability of the PPLA-Q_as an instrument to
assess the psychological, social, and part of the cognitive domain of PL in grade 10
to 12 adolescents. Further validation and development are needed to establish
construct validity and reliability, and study PPLA-Q’s integration with the PPLA-
Observation (an instrument in development to assess the remaining domains of PL)

within the PPLA framework.

Keywords: physical literacy, assessment, physical education, content validity, pilot

testing, high-school, adolescence.
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Background

Physical Literacy (PL) is a concept based on lifelong holistic learning acquired and
applied in movement and physical activity (PA) contexts (Sport Australia, 2019).
Arguably, the most seminal contribution to the development of the concept in
modern pedagogy have been the works of Margaret Whitehead (Whitehead, 2001,
2007, 2010), which conceptualized PL as the motivation, confidence, physical
competence, understanding and knowledge to maintain physical activity

throughout the life course.

Notwithstanding its lifelong development, sowing the seeds of PL during school-
age seems critical, as participation in early childhood might predict adherence to
active lifestyles throughout life (Telama, 2009; Telama et al., 2014), counteracting
the rising levels of physical inactivity observed in adolescents and adults (Guthold
et al., 2018, 2020). In this line, PL is argued as the main outcome of quality physical
education (PE) in schools (UNESCO, 2015), since it provides a privileged
environment — mandatory, free and qualified — for learning the life skills and values
needed for active and global citizenship(Onofre, 2017); as well as being the only
opportunity to participate and learn from PA for some school-aged children and
adolescents (Woods et al., 2010). Thus, many authors have underlined the need to
operationalize this concept in school curricula and educational policies (Corbin,

2016a; Dudley, 2015; Dudley, Cairney, et al., 2017)

Despite a general consensus on the ultimate goal of PL — sustained lifelong PA
participation (Whitehead, 2013a, 2013b) —, its proposed conceptualization and
constituent elements differ across sources(L. Edwards, Bryant, Keegan, Morgan, &
Jones, 2017; Liu & Chen, 2021; Martins et al., 2020). These range from
philosophically-driven conceptualizations, like Whitehead’s PL original
proposition (Whitehead, 2001) — rooted in the philosophical tenets of monism,
phenomenology, and existentialism - to diametrical conceptualizations focusing
solely on one of its aspects (e.g., fundamental movement skills) (D. B. Robinson et
al., 2018). Although recognized as a rich theoretical concept, the former might lack
pragmaticism to be implemented in practice (L. Edwards, Bryant, Keegan, Morgan,
& Jones, 2017): while the later might deviate from the holistic nature of PL,

compromising crucial elements like pleasure and enjoyment in taking part in PA
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(Pot et al., 2018). As such, a middle-ground compromise might offer a tenable
solution: providing clear and measurable outcomes, while honoring most of the
philosophical -driven premises that define the concept(D. B. Robinson et al., 2018;
Young et al., 2019). To this end, a team of Australia-based researchers developed
the Australian Physical Literacy Framework (APLF) (Sport Australia, 2019), a
research-based, integrated model of PL in the physical, cognitive, psychological and
social domains with 30 different elements — novel in recognizing the contribute that
PL might play in cultural and social participation. It provides a clear focus on a
learning continuum, inspired by the Structure of Observed Learning Outcomes
taxonomy (Biggs & Collis, 1982), designed to include individuals in different states
of their PL journey: from their first steps (pre-foundational) to higher stages of

proficiency (transfer & empowerment) (Keegan et al., 2017, 2019).

Physical Literacy Assessment

Given evaluation’s essential role in PL implementation and practice (Corbin, 2016a)
a few assessment instruments have been developed, under diverse conceptual
models(L. Edwards, Bryant, Keegan, Morgan, Cooper, et al., 2017; Liu & Chen, 2021,
Shearer et al., 2021). Of these , the most prolific research-wise have been the
Canadian Assessment of Physical Literacy (CAPL) (Francis et al., 2016; Gunnell et al.,
2018), and the Physical Literacy Assessment for Youth (Cairney et al., 2018)(PLAY).
The CAPL is comprised of standardized assessments developed for children from 8
to 12 years (Longmuir, Gunnell, et al., 2018) (with preliminary testing done in 12 to
motivation and confidence, and knowledge and understanding. The PLAY tools have
been developed to assess children from 7 years up (with recommendations mainly
targeted at the 7—12-year range), comprised of measures of motor competence,
comprehension, and confidence. Both tools integrate observational procedures and
self-report, and feature overall good feasibility in PE (Shearer et al., 2021)but lack
options for older adolescents (15-18 years), a critical age range in Portugal which
presents lower levels of PA(Baptista et al., 2012; Martins, Marques, et al., 2019;
Matos & Equipa Aventura Social, 2018) — making them a priority target in the
Portuguese PE setting.
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(a) PPLA-O (in development)
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Figure 6. Portuguese Physical Literacy Assessment (PPLA) hypothesized model and instruments.

Legend: PPLA is a tool comprised of two different instruments: a) PPLA-Observation (PPLA-0) — assesses the
physical domain, and the Rules and Tactics elements of the cognitive domain of PL; b) PPLA-Questionnaire
(PPLA-Q) - assesses the psychological, social and Content Knowledge element of the cognitive domain of PL
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Portuguese Physical Education and PL

The Portuguese PE national syllabus (PPES) was designed under the Crum’s socio-
critical conception of PE, contemplating integrated learning in the motor, cognitive,
affective and social domains, to empower students to engage in significant PA, and
actively participate in the movement culture throughout their lives (Crum, 1993);
expanding beyond a restricted and instrumental participation in PA(Tinning, 2015).
Although the initial development of this syllabus slightly predates Whitehead’s
influential works on PL (Whitehead, 2001), it implicitly aligns with the latter’s
ontological and epistemological premises. Akin to a phenomenological and
existentialist perspective (Durden-Myers et al., 2018), it advocates pedagogical
practices of differentiation, allowing a high degree of flexibility towards the
achievement of curricular goals, recognizing that each individual enjoys and values
different forms of movement; while using assessment as a tool to motivate and
identify where every student should work to improve, in line with strategies
proposed both by PL (Durden-Myers et al.,, 2018) and assessment specialists
(Harlen, 2007).

The PPES distinguishes three learning areas: 1) Physical Activities, 2) Health-
Related Fitness, 3) Knowledge. In the first area, it advocates the participation in a
wide range of physical activities (sport-based team and individual activities,
rhythmic and expressive activities, nature exploration activities, and traditional
games), enabling students to choose from an eclectic array of physical activities
throughout their life. In each of these activities, student progress is charted through
3 levels of competency — introductory, intermediate, and advanced — integrating 1)
mastery of specific movement skills, 2) cognitive skills related to tactical decision,
3) knowledge and application of activity rules and 4) prosocial behavior during said
activity (Onofre et al., 2020). This multilateral learning through participation in
physical activities is supported by the development of health-related fitness, and
the knowledge and skills needed to lead a healthy lifestyle through personal
significant PA (second and third areas of the PPES, respectively).

Despite having common points with most PL definitions and models, the PPES
curricular and pedagogical choices align more closely with the Australian proposal
previously presented, since the latter explicitly includes the social domain as an

integral part of the PL development, as well as elements pertaining to tactical and
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rules learning. Also, the APLF maps all development through the usage of a modified
continuum based on the Structure of Observed Learning Outcomes taxonomy (Biggs &
Collis, 1982), which recognizes that learning might differ not only in quantity (i.e.,
being less or more skilled/knowledgeable) but in qualitative state as well (i.e., going
from a descriptive, surface knowledge to a relational understanding of a

skill/knowledge); a principle mirrored in the three levels of competency in the PPES.

Considering these specificities of the PPES design and implementation, none of the
presented PL assessments provide a complete picture of learning in all four
domains; nor were they designed for older adolescents. As such, we developed an
instrumental system — Portuguese Physical Literacy Assessment (PPLA) — to address

this gap and use PE as a privileged mean for PL development in Portugal.

The Portuguese Physical Literacy Assessment (PPLA)

The PPLA was designed to provide a detailed and feasible assessment of each
student’s PL journey, and to inform pedagogical decisions (at local, regional, and
national level) towards a more meaningful and targeted environment to promote PL
learning of grade 10-12 (15-18 years) adolescents. The PPLA (Figure 6) is based on
the PPES and integrates assessment in the four domains of the APLF, using two
instruments: a) the PPLA-Observation (PPLA-0), and b) the PPLA-Questionnaire
(PPLA-Q). The PPLA-O (still in development) uses observational data collected by
the teachers during regular PE classes (competency levels in the different physical
activities, and physical fitness levels using standardized protocols) to assess the
physical and part (Rules, and Tactics elements) of the cognitive domain. The PPLA-
Q, which will be the focus of this article, uses a knowledge test (with multiple-choice
questions) and self-report (Likert-type scales) to assess the psychological, social
and the remaining part of the cognitive domain (Content Knowledge element). Both
these instruments were designed to be applied together to provide a holistic picture

of each student’s PL journey.

PPLA (Figure 6), following the APLF conceptualization of a learning continuum
summarizes its five development levels (for each element of the four PL domains),
into two learning levels: Foundation and Mastery. This simpler structure still

captures the qualitative change in the learning experience, separating surface

29



Portuguese Physical Literacy Assessment (PPLA)

learning from deep learning, while providing a more parsimonious and feasible

instrument.

The Foundation level represents the initial development of each element, building
affective, cognitive, psychomotor and social structures that enable participation in
movement and physical activities, albeit in an isolated, instrumental or externally
focused manner (i.e., to obtain benefits/rewards, or conform to the norm) — akin to
the Unistructural and Multistructural levels of the Structure of Observed Learning
Outcomes taxonomy, and the foundational levels of Bloom’s Revised Affective

Taxonomy (Krathwohl et al., 1964).

Mastery level represents a deeper development of the element, invoking
metacognitive processes, relational understanding, or internalized behaviors (i.e.,
integrated into the individual’s sense of self) regarding participating in movement
and physical activities — derived from the Relational and Extended Abstract levels of
Structure of Observed Learning Outcomes taxonomy, and higher levels in Bloom’s

affective taxonomy.

As such, based on previous constructs studies of PL (Cairney et al., 2019; Gunnell et
al., 2018) and the structure implied by the APLF, we hypothesize a hierarchical
measurement model, with PL conceptualized as a fourth-order formative construct
(Figure 6) composed by its four domains (third-order formative constructs). Each
domain is then formatively composed by several elements (second-order formative
constructs), in turn composed by two first-order constructs, reflexively formed by

a set of manifest indicators (i.e., items).

The distinction between formative constructs (i.e., composites) and reflexive
constructs (i.e., factors) is important here. While the later assumes that items (or
lower-order constructs) are interchangeable — since they measure the same
underlying trait (i.e. are unidimensional) — and thus are expected to covary, the
former assumes the opposite: that its composing items are not interchangeable, and
are not expected to covary — where an omission or deletion of an item changes the
essence of the construct being measured (Andrich & Marais, 2019; Hair et al., 2017;

Jarvis et al., 2003).

Based on this conceptual framework, in a series of studies, we sought to develop the

PPLA-Questionnaire (PPLA-Q), an instrument comprised of modules to assess grade
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10-12 adolescents’ psychological, social, and part of cognitive domains of PL; and
gather evidence for its content validity, feasibility within PE setting, preliminary

reliability, item difficulty and discrimination.

Content analysis of
national PE syllabus
Domain
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-------------------------------
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Figure 7. Overview of development studies of the Portuguese Physical Literacy Assessment — Questionnaire
(PPLA-Q)

Methods

Studies overview

The development of the Portuguese Physical Literacy Assessment Questionnaire
(PPLA-Q) entailed a series of studies (Figure 7), based on a multiple phase design
(Armstrong et al., 2005; Boateng et al., 2018; Longmuir, Gunnell, et al., 2018),
inspired by the psychological, social and cognitive domains of the PL model
proposed in the APLF (Dudley, Keegan, et al., 2017; Sport Australia, 2019), and by the
Portuguese PE syllabus (Ministério da Educag¢do, 2001a, 2001b, 2018b).

All the work was done in Portugal, as part of the doctoral project of the lead author,

approved by the Ethics Council of Faculty of Human Kinetics, as well as the
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Portuguese Directorate-General of Education. All methods were performed in

accordance with the relevant guidelines and regulations.

PPLA initial development was based on previous work done in the Erasmus+ Sport
Project: PhyLit — Physical Literacy (590844-EPP-1-2017-1-UK-SPO-SSCP,
January— December 2018) , where a panel of experts selected — among the 30
proposed by the APLF — relevant elements for developing and advocating PL as an
essential competence for European citizenship, based on a literature review of

existing conceptualizations (Martins et al., 2020).

Initial development for each of the three modules of PPLA-Q entailed domain
identification and item generation; followed by an iterative process to gather
judgmental evidence on content validity that included: two rounds of qualitative and
quantitative expert validation; three rounds of cognitive interviews with high-
school students; and multiple instances of expert advisor input. We also conducted
a pilot study to assess feasibility of the questionnaire in PE and collect preliminary

data on reliability and construct validity.

Domain identification

Based on literature review, we established a theoretical framework for each of the
eight elements in the psychological (Motivation, Confidence, Emotional Regulation,
and Physical Requlation) and social domains (Culture & Society, Ethics, Collaboration,
and Relationships) (Table 3). The literature review conducted by Dudley and
colleagues (Dudley, Keegan, et al., 2017), in the report preceding the creation of the
APLF, was used as starting point to identify established and relevant theories for
each element in the literature of motor development, physical education and/or
physical activity. Then, constructs with higher conceptual proximity were chosen —
caring to minimize overlap —, mapped to the two-level framework, and operational

definitions derived from the APLF.

For the Cognitive Domain, we conducted a content analysis of the Portuguese PE
syllabus (PPES) to identify key learning objectives coherent with the Content
Knowledge, Tactics and Rules elements of the APLF. In this process, to ensure
adequate content representation, we subdivided the Content Knowledge element into

different content themes (Nutrition, Body Composition, Training Methods, Safety &
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Risk, PA Benefits); each was then mapped to the two-level framework and its
operational definition derived from the PPES (Table 4).

Since tactical behaviors and adherence to rules (i.e., as a participant, and as a referee
or judge) are better assessed through direct observation of the student’s behavior
during PE, we chose to include the Tactics and Rules elements alongside the
assessment of the physical domain (in the PPLA-0). As such, these elements will not

be further discussed here, despite them being integral part of the Cognitive domain.

Item generation

Psychological and Social Modules

Items in the Psychological and Social domains were developed to conform to self-
report measurement using Likert-type scaling, given its adequacy and versatility to
measure attitudes, beliefs and self-perceived abilities (DeVellis, 2017; Price, 2017).
Aninitial goal was set to generate a 5-item subscale per learning level (two subscales
per element, four elements per module). This was a compromise between the size of
the resulting questionnaire, and a larger initial item pool to provide margin for
eliminating poorly performing items during testing (Clark & Watson, 1995; DeVellis,
2017); down to four per subscale — the recommended number to calculate reliability

and further test measurement models (Bollen, 1989).

In an effort to use psychometrically sound items as a reference for item generation
(Kyriazos & Stalikas, 2018) a non-systematic literature review was conducted using
ERIC, Google Scholar, Scopus and ProQuest databases to identify a first round of
eligible articles for each element, which were then used to refine further searches
for articles. In these, we selected published and validated scales or subscales (in
English or Portuguese), amply used in PE, sport, or PA contexts, and sampled items
that adhered to each level’s operational definitions (Table 3). When various identical

items overlapped in content, those with higher item loading were selected.

After permission for adaptation was granted by each scale’s lead author, sampled
items were used as reference to generate items in Portuguese, based on the examples
provided by the APLF, and technical recommendations available in the literature
(Artino et al., 2014; Clark & Watson, 1995; DeCastellarnau, 2018; DeVellis, 2017;

Price, 2017). When suitable reference scales were not available or failed to achieve
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full content representation for the element, or level, items were generated according

to previous literature view.

All items used a consistent 5-points unipolar response scale, to maximize reliability
and validity (DeCastellarnau, 2018; Furr, 2011) . Response points were fully labelled,
using both numeric and verbal labels, (0 = Not at all; 1= Slightly; 2 =Moderately; 3
=Quite a lot; 4 = Totally), measuring student’s identification with each of the

statements (How much do the following statements describe you?).

Cognitive Domain

For their suitability to test cognitive ability and knowledge (Price, 2017) , and ease
of application, multiple-choice questions were generated for each content theme
and level (10 items), according to technical advice presented by the literature
(Considine et al., 2005; Scully, 2017), and by an educational assessment expert (PhD
holder with extensive experience as a PE and graduate-level college professor, as

well as an employee in the Portuguese Institute for Educational Assessment).

Throughout the process in all modules, the lead author acted as item generator,
while remaining authors acted as co-validators to ensure preliminary content

validity.
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Table 3. Domain identification for the psychological and social domains

Portuguese Physical Literacy Assessment (PPLA)

Theoretical framework

Operational definition (number of items)

Instruments used as reference

Psychological Domain

Motivation

Confidence

Emotional Regulation

Physical Regulation

Self-determination Theory(Deci & Ryan, 2000,

2008)

Psychological need
competence (Deci & Ryan, 2002)

satisfaction

-Perceived

Emotional Intelligence (Goleman, 2005)

Reasons for engaging in movement and physical activity in response to
internal or external factors*

Foundation: Controlled motivation (5 items)

Mastery: Autonomous motivation (5 items)

A belief in self-worth and ability to perform in movement and physical
activity?!

Foundation: Beliefs of self-worth and ability (5 items)

Mastery: Beliefs of self-worth and ability in challenging contexts (5 items)

Ability to manage emotions and resulting behaviors in relation to movement
and physical activity*

Foundation: Awareness of own emotions and other’s (5 items)

Mastery: Emotional regulation and control (5 items)

Recognizing and managing physical signals such as pain, fatigue and
exertion!

Behavioral = Regulation in
Exercise Questionnaire - 3
(BREQ-3) (Markland & Tobin,
2004; Wilson et al., 2006)

Psychological Need Satisfaction
in Exercise Scale (PNSE)(Wilson
etal., 2006)

Wong and Law’s Emotional
Intelligence Scale
(WLEIS)(Wong & Law, 2002)

NA Foundation: Awareness of physical signals (5 items) NA
Mastery: Regulation and management of physical signals (5 items)
Social Domain
Culture & Society Sport Education(Siedentop, 1998) Appreciat.ion1 of cultural values which exist within groups, organizations and NA
communites
Foundation: Participation in sport’s cultural phenomena (5 items)
Mastery: Valuing participation in sport’s cultural phenomena and
encouragement of others to do so (5 items)
Ethics Moral development(Gibbs, 2014; Kohlberg, 1964)  Moral principles that govern a person’s behavior, relating to fairness and Eilrsicgiay Eg&s;:;ggnalzzp&r_l
justice, inclusion, equity, integrity, and respect! PE‘{(Hassan dra et al., 2002)
Foundation: Respect for basic moral and ethical principles in physical activity
contexts (fair-play) (5 items)
Mastery: Autonomy and empowerment of others in respecting moral and
ethical principles in physical activity contexts (fair-play) (5 items)
. . . . . . . Personal and Social
Collaboration Personal and Social Responsibility(Hellison, 2011) ggrcli?llmn?gltlif)n fc(:;) ei‘;ifgf{:; deiz;lira;trigréongilct:?res(;tlllllet!;g;ll including: Responsibility  Questionnaire
» coOp J P (PSRQ) (W. Li et al., 2008)
Foundation: Respect and cooperation with others
Mastery: Caring and leading others to success
Building and maintaining respectful relationships that enable a person to Psvchological Need Satisfaction
Relationships Psychological need satisfaction -Perceived interact effectively with others.! ) g

Relatedness(Deci & Ryan, 2002)

Foundation: Interaction and relatedness with others
Mastery: Management and maintaining relationships with others

in Exercise Scale (PNSE)(Wilson
etal., 2006)
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Table 4. Domain identification for the cognitive domain

Content Operational definition
Foundation: Identify healthy food options (C1)
Nutrition Mastery: Evaluate impact of energetical balance

in regulation of body weight (C2)

Foundation: Identify main components of
Fitness and physical fitness (C3)
training Mastery: Evaluate training methods for
components of physical fitness (C4)
Foundation: Identify safety rules and principles
in physical activities (C5)

Safety and risk Mastery: Interpret doping’s impact on health
and sport ethics (C6)
Foundation: Identify general physical activity
PA Health guidelines for children, adolescents, and
Benefits adults*(C7) .. . .
Mastery: Relate types of training with their
benefits for health (C8)
Foundation: Identify Body Mass Index’s
Body calculation formula (C9)
composition Mastery: Evaluate body composition profile and

make recommendations (C10)

aAccording to World Health Organization (2010)
PA — Physical Activity

Content Validity

Content validity pertains to the extent to which a set of items represents the
intended construct (DeVellis, 2017). It requires evidence of content relevance,
representativeness, and technical quality, assessed through evaluation by experts
and population judges (Boateng et al., 2018). As such, we led an iterative process with
multiple rounds (Polit et al., 2007), collecting both qualitative and quantitative

evidence from both parties.

Cognitive interviews

Cognitive interviewing is a qualitative method to assess whether a survey fulfills its
intended purpose, through interview of selected individuals, before, during and
after pretesting (Willis & Artino, 2013). In our study, cognitive interviews were
conducted in three rounds, in two different high schools in Lisbon — one with a
dominantly higher socioeconomic status population, and another with a lower
socioeconomic status population — involving students of the target age-group (15-
18 years), through different phases of development of the PPLA-Q. Before

participation, informed consent was provided by all students and their legal
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guardians. All interviews were conducted by the lead author during PE classes and
recorded. Initial interviews were more extensive (i.e., more content, less depth),
while the latter ones were progressively more intensive (i.e., narrower content,
higher depth). This strategy balanced gross evaluation (e.g., format, conceptual

breadth) in earlier phases with fine-tuning (e.g., wording, syntax) in later ones.

In February 2020, in each high school, a cognitive interview was conducted with a
group of two students from grade 10 (aged 15) and another with two grade 11
students (aged 17). We sought to diversify these groups by 1) including, in each, a
female, and a male, with different PE competency levels (according to their teacher);
and 2) including students from different majors: one group from a Science,
Technology, Engineering and Math major, the other from a Humanities and Arts
major. Students were asked to fill in a draft version of the PPLA-Q, marking any
items with ambiguous or unclear wording. Afterwards, an interview was conducted
to probe for comprehension of items — focusing on the ones marked by students.
Students were asked to verbally express their understanding of each and paraphrase
it according to their own words. They were also questioned about general issues of
the questionnaire (i.e., length and structure, layout, ease of reading, rating scales,

comprehension of instructions and item stems). Average duration was 45 minutes.

In December 2020, a second round of individual cognitive interviews was conducted
immediately after pilot testing (version 0.4 of PPLA-Q) with two students from
grade 10 (1 female, 1 male, both aged 15) from a Humanities major class. Here,
students who posed abundant questions during the questionnaire application were
selected to better study the clarity of the items. Given time constraints of the project,
this round enlisted less students that initially warranted. Students were asked about
their comprehension of selected items — those which were the target of most of
student’s questions during pilot testing, as well as those previously revised. Average

duration was 17 minutes.

In January 2021, a third round of individual cognitive interviews was conducted with
six different students from the same grade 10 Humanities class recruited for last
round (3 female, 3 males, mean age = 14.8 years). These were selected according to

as different PE competency levels as possible (reported by the teacher). They were
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asked about their comprehension of all items changed from version 0.4 to version

0.5. Average duration was 15 minutes.

Evaluation by experts

Among the many methods available, Content Validity Index (CVI) and Cohen’s
coefficient kappa (x) for interrater agreement were used to systematically assess
expert consensus on content validity of an instrument (Boateng et al., 2018; Wynd

etal., 2003).

Given different subject matter for each of the modules, expert selection was
stratified per module to allow for more useful inferences. We intended to collect
evidence from 6 experts — following recommendations of 5 (Lynn, 1986) - with
relevant scientific and professional background, on each of the questionnaire’s
domains (i.e., psychology of physical activities/sport; sociology of sport;
educational assessment/curriculum development), and ideally with experience in
instrument development (Davis, 1992). According to their expertise, each expert
was invited to participate either (a) in all 3 modules (n=3); (b) in 2 modules (n=1) or
(c) in a single module (n=11). Further characteristics about the expert are summed

up in Additional File 1.

Experts were invited through an email presenting the project’s goals and explaining
the motives for selection, containing (1) instructions for intended contribution, (2)
adraft version of PPLA-Q, and (3) a spreadsheet file. Operational definitions for each
construct were also provided — as content validity is inextricably linked to the
definition of constructs under examinations (DeVellis, 2017). In the spreadsheet file,
experts were asked to: (1) rate each item on its relevance (“How important is the item
to assess the targeted construct?”) and clarity (“Is the wording of the item clear?”), (2)
provide suggestions for item improvement, (3) provide suggestions on
questionnaire structure, instructions, and rating scale. Both relevance and clarity
were assessed with a 4-point Likert-type Scale (Lynn, 1986). For relevance the
rating options were: 1 = not relevant, 2= somewhat relevant, 3 = quite relevant, and 4 =
very relevant (Wynd et al., 2003). For clarity, the options were: 1= not clear, 2 = item
needs revision, 3= clear, but needs minor revision, 4= very clear (Zamanzadeh, 2015).

During analysis, both ratings were collapsed into two dichotomous categories
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(“content invalid” and “not clear” for ratings of 1 and 2, and “content valid” and

“clear” for ratings of 3 and 4, respectively) (Lynn, 1986).

Of the invited experts, the actual first-round expert sample (n=10) consisted of 2
global experts (3 modules), 1 expert rating 2 modules, and 7 experts rating a single
module. Another expert provided solely qualitative feedback (i.e., suggestions of
improvements for item and questionnaire structure) on 2 of the modules, with no
quantitative ratings. We had minimal missing data, with no bearing on calculations,

since all adjusted for the total number of raters in each item.

All calculations used RStudio (RStudio Team, 2020) with R version 4.0.2 (R Core
Team, 2020). CVI was computed both at item level (I-CVI) and module level (S-
CVI/Ave and S-CVI/UA). Polit & Beck (Polit & Beck, 2006) argue that given diverse
uses of CVI in the literature, one should explicit their calculations. We computed I-
CVI as the proportion of experts rating each item as content valid. S-CVI/Ave was
computed as the average of I-CVI for each module, while S-CVI/UA was computed

as the proportion of items with I-CVI = 1 (i.e., universal agreement) for each module.

Many authors have criticized drawing content validity evidence based solely on CVI,
given its susceptibility to chance agreement. They propose that Cohen’s kappa
(Cohen, 1960) — a statistic which accounts for the possibility of chance agreement
of experts — be used alongside CVI (Wynd et al., 2003). For this purpose, kappa (k)
was computed using Fleiss’s modified version for multiple raters (Fleiss, 1971; Polit
et al., 2007) for each item:

P,— P
I = ((1a_ PCC))
where P, (proportion of agreement) = I-CVI for the item, and where P.(probability of
a chance agreement), for a random binomial variable, with one outcome:

Fe = (ﬁ) = 5"

With N = number of experts, and A = number of experts rating item as content valid.

For item clarity, an identical procedure was used to calculate proportion of
agreement (akin to I-CVI), and a k statistic for each item. as the usual application of

Content Validity Index (CVI) pertains to a global evaluation of the item (Polit et al.,
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2007), which might hide some crucial aspects of the item’s quality, confounding the

conceptual relevance of the item, with the clarity of its wording

We used k to inform item level decisions, evaluating item relevance as fair (.40 to
.59), good (.60 to .74) and excellent (> .74); x lower than .40 prompted elimination
of the item (Cicchetti & Sparrow, 1981; Fleiss, 1971). For clarity, the threshold
increased to discriminate items needing minor revisions and ensure higher clarity

throughout: we evaluated items as clear (x >.74) and as needing revision (k <.74).

Scale level decisions were informed by S-CVI. We used literature recommendation
of .80 as an adequate level of agreement for the more stringent S-CVI/UA (Davis,

1992), and .90 for S-CVI/Ave (Waltz et al., 2010).

In the second round of expert evaluation, the same procedures were followed to
gather evidence of content validity on the revised Culture & Society scale (version
0.3), targeting a lower number of experts (n=3, 2 of which participated in the

previous round), due to time constraints in the project schedule.

Pilot Testing

Pilot testing, or pretesting constitutes an opportunity to (1) test the application of
items in development to a representative sample of target population (American
Educational Research Association et al., 2014); (2) gather feasibility evidence to plan
a larger scale study (Hertzog, 2008); and (3) gather data for preliminary item

analysis and estimates of reliability (Johanson & Brooks, 2010).

Although no clear-cut standard is available for sample size of pilot tests,
Hertzog(Hertzog, 2008) suggests a sample size of 40 individuals for estimating
preliminary data on reliability and item discrimination. As such, we pilot tested
version 0.4 of PPLA-Q with a sample of 41 grade 10 students (down from an initial
pool of 58 students who received the informed consent), from two classes of the
different schools in Lisbon (Nschoonn = 19, Nschoola = 22) aforementioned — one with a
higher socioeconomic status population, another with a lower socioeconomic status
population, as attested in each school’s pedagogical project. This sample was
composed of 29 females (71%) and had an average age of 15 (0.4) years. All students

provided an informed consent signed by themselves and their legal guardian.
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PPLA-Q was self-administered, in pen and paper format, both in PE gym and
classroom setting — to test likely settings expected for future application — in
presence of the lead author. Students were instructed to state any question
regarding questionnaire’s instruction, items, or rating scales. Application was timed
to calculate average completion time; attrition rate was calculated as the percentage

of students completing the study, among those who received the informed consent.

Preliminary Item Analysis

Psychological and Social modules

Given the novel status of any construct validation under the APLF model, as well as
a complex and high number of constructs under analysis, we chose to conduct
preliminary item analysis using the partial least squares — structural equations
modelling (PLS-SEM) framework (Hair et al., 2019). No a priori power analysis was
conducted, since our goal was to gather very rough insights into the statistical
behavior of the measurement model of items. Despite this, our sample size
approximated the thumb-rule of 10 times the maximum number of indicators per

construct (Hair et al., 2017).

Prior to calculation, data was scanned for suspicious response patterns, and items
P1 to P5 were reversed-scored — since they refer to controlled motivation, and thus
expected to negatively load on the second-order motivation construct. Missing data
was below the 5% threshold for every indicator (i.e., item), under which
circumstances PLS-SEM is robust (Hair et al., 2017). SmartPLS 3.2 (Ringle et al,,
2015) was used to calculate Cronbach’s a , composite reliability and outer loadings
(factor weighting scheme, with 300 iterations and stop criterion of 1*1077) using a
Hierarchical Component Model (reflective-formative) for each of the modules, with

the repeated-indicator approach (Hair et al., 2017; Hair Jr. et al., 2018).

For interpretation, we followed Hair’s et al. (2017) advice of using both a and
composite reliability — as lower bound and upper bound estimates of reliability,
respectively. a was deemed acceptable at .70 (P. Kline, 2000; Nunnaly & Bernstein,
1994), while CR was deemed acceptable at .60 (Hair et al., 2017). As for indicator

reliability (outer loadings) values of .70 were deemed acceptable (Hair et al., 2017).
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Cognitive Module

In order to gather preliminary evidence on construct validity for items in the
cognitive module, we analyzed item’s difficulty index, discrimination index, and
performed a distractor analysis (Considine et al., 2005; Waltz et al., 2010) under the

Classical Test Theory framework.

We had missing data for one student who did not complete this module. Item were
scored using the CTT package (Willse, 2018) in RStudio (RStudio Team, 2020) with
R version 4.0.2 (R Core Team, 2020); we used dichotomous scoring (i.e., 0 and 1) for
correct answers — multiple selection items were considered correct if all correct
options were selected. Difficulty and discrimination (qULI) indexes calculation, and
distractor analysis (proportion of responses in each distractor) were calculated with

the shinyltemAnalysis package (Martinkova & Drabinova, 2019).

Item discrimination was interpreted according to cut-offs of Very good (>.40) ;
Reasonably good (.30-.39); Marginal (.20-.29 ) , Poor (<.19) (Ebel & Frisbie, 1991;
Lord, 1952). Distractors with lower than 10% of responses were considered poor
functioning, to impose a stricter quality standard, although a lenient threshold of

5% is usually proposed (Towns, 2014).

Results

The following sections are organized chronologically, as to provide the reader with
a detailed view of the different development phases and refinements that the PPLA -
Q went through. In the Discussion section, we summarize and discuss these results

according to their overarching goal (e.g., content validity).

Domain identification

Psychological Domain

Motivation

Self-Determination Theory (SDT) (Deci & Ryan, 2000) has abundant research in
exercise and physical activity contexts (Teixeira et al., 2012). One of its mini-
theories, Organismic Integration theory (Ryan & Deci, 2002), posits a continuum of
different behavioral regulations varying according to their degree of self-
determination. Among these, external and introjected are posited as more controlled

(i.e., less autonomous) forms of extrinsic motivation; while identified, integrated and
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intrinsic are posited as more autonomous forms of motivation. More autonomous
forms have shown positive association with increased participation in PA (Cortis et
al., 2017), and with positive experiences in PE (Vasconcellos et al., 2019). We placed
controlled forms of motivation in the foundational level, and more autonomous
forms into the mastery level — following a two factor structure proposed in previous

research (Gagné et al., 2010).

Confidence

Multiple self-concept constructs in the literature center around the belief in one’s
abilities to perform in PA settings; of these, (perceived) competence and self-
efficacy seem to be determinants of participation in PA in children and adolescents
(Babic et al., 2014; Cortis et al., 2017). Although conceptualized under different
frameworks — perceived competence in the SDT tradition (as a basic psychological
need driving motivation), and self-efficacy as the main construct of Social-
Cognitive Theory (SCT) (Bandura, 1986) — studies have called for their integration,
since they stem from the same concept of human agency (Sweet et al., 2012), and
might share a common core (Hughes et al., 2011). As such, we integrated perceived
competence — given its centrality to SDT, and similarity to task self-efficacy — in the
foundation level, and barrier self-efficacy (Bandura, 1997) (i.e., belief in one’s

ability under challenging conditions) in the mastery level.

Emotional Regulation

Self-regulation is a broad concept that entails the individual’s capacity to override
and alter their behavior towards a standard or goal (Baumeister & Vohs, 2007). When
referring to the affective domain, the construct of Emotional intelligence (i.e.,
ability to perceive and regulate emotion) (Goleman, 2005; Zeidner et al., 2012) has
gained visible traction in research. It has been linked to PA participation, both as an
outcome and as predictor (Ubago-Jiménez et al., 2019). Among its many
conceptualizations we chose to adapt Wong and Law’s Emotional Intelligence
Scale’s factorial approach(Wong & Law, 2002), mapping emotional evaluation (own
and interpersonal) to the foundation level, and use and regulation of emotions to the

mastery level.
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Physical Regulation

Although we failed to identify a PA-specific construct that dealt with APLF’s idea of
regulating physiological signals and effort during PA— analogous to emotional
regulation - we found it related to other affective constructs such as activity pacing
(i.e., regulation of activity level towards an adaptive goal) (Nielson et al., 2013) and
coping (i.e., behavioral and cognitive efforts to manage internal and external
demands during stressful situations) (Lazarus & Folkman, 1984). The latter has been
researched mainly in performance-oriented settings, and has showed positive
association with sport commitment in adolescents (Pons et al., 2018). As such, we
integrated this concept in an identical structure to that of Emotional Regulation:
perception of changes in the body during exercise in the foundational level; and

regulation of effort in the mastery level.

Social Domain

Culture & Society

The Culture & Society element is defined in the APLF as the appreciation of values
present within communities of PA practice, however, we argue that its
operationalization deals with cultural tolerance and cultural intelligence (Earley &
Ang, 2003), rather than with the specific participation and appreciation of the
cultural phenomenon of sport and PA. As such, we based this construct on
Siedentop’s call for symbolic attributes like values, rituals and traditions to be an
integral part of PL (Siedentop, 1998). This ritualist facet manifests through the use
of specific attire, jargon, and participation in select behaviors and habits
(Mazurkiewicz, 2011); as well as through displays of fandom and sport fan passion
(Vallerand et al., 2006). All these further contribute to feelings of affiliation and
membership in a collective identity (Eastman & Riggs, 1994); and although
literature linking this phenomena to participation in PA is sparse, it is plausible that
it might play a mediator role in increasing perceived relatedness (Wallhead et al.,
2013), and emotional regulation — particularly in anxiety-inducing settings (Brooks
et al., 2016). We chose to map participation in cultural behaviors to the foundational
level, while the mastery level represents a more involved stance in these (i.e.,

valuing and encouraging participation).
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Ethics

Fair play, is an integral part of modern sport as its major ethical system — coherent
with universal values (Bronikowska et al., 2019; Simon et al., 2015). PE plays a critical
role in teaching this “inner morality of sport”, which surpasses simple adherence to
rules, and includes following unwritten rules and moral codes (Simon et al., 2015).
Interiorization of these moral codes are concomitant with mature stages of moral
development, which are known antecedents of prosocial behavior (Gibbs, 2014) (i.e.,
acts involving care for welfare of others) (Turiel, 2015), and might also increase
intrinsic motivation in PA settings (Hassandra et al., 2003, 2007). We chose to use
Gibbs’ (Gibbs, 2014) model of moral development which, based on Kohlberg’s work
(Kohlberg, 1964), identifies two main levels in standard moral development:
immature (i.e., a pragmatic, instrumental sense of morality, mapped to the
foundational levels) and mature (i.e., based on social values and empathy, mapped

to the mastery levels).

Collaboration

Personal and social responsibility are the main focus of Hellison’s (Hellison, 2011)
Teaching Personal and Social Responsibility (TPSR) model for developing prosocial
behavior, providing a way to address holistic development of students in PE, and
enable them with life skills for active citizenship through five levels: (1) Respect for
the rights and feeling of others, (2) Effort and cooperation, (3) Self-direction, (4)
Caring and helping others, (5) Transfer outside the gym. Evidence shows association
of its application with many positive emotional, psychological, and social outcomes
(e.g., self-efficacy, self-regulation, caring, conflict resolution) (Pozo et al., 2018). It
is also suggested that students’ level of personal and social responsibility are
associated with intrinsic motivation in PE (W. Li et al., 2008). To avoid overlap
between personal responsibility and other elements tapping into similar concepts
(i.e., Ethics, Emotional and Physical regulation), we mapped TPSR’s “Respect” level
into the foundational level, and “Caring and Helping” into the mastery one, based

on the works of Li’s et al. (W. Li et al., 2008) .

Relationships
Relatedness (i.e., perceived connection with others) is another one of the basic
psychological needs posited to drive motivation according to SDT. Despite its

theoretical relevance, evidence has shown little to no direct association between
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relatedness and participation in PA, in both general (Cortis et al., 2017; Teixeira et
al.,, 2012) and PE contextes (Taylor et al., 2010). However, some authors (Cox et al.,
2009; Teixeira et al., 2012) suggest that this might be due to relatedness being
highly context-dependent (i.e., affected by prevalence of solitary exercise, or lack of
connection with classmates), and thus, not captured in its entirety in the researched
contexts. This idea is further reinforced by evidence of peer-support associating
with PA practice (Martins et al., 2015), positive outcomes in PE (Vasconcellos et al.,
2019), and as mediator in other relevant outcomes as effort (Leptokaridou et al.,
2015) and enjoyment (Cox et al., 2009). In our model, akin to Collaboration, we
mapped a reactive role in relationships to the foundational level, while the mastery

level presupposes an active role in relationship development.

Cognitive Domain

Content Knowledge

Few studies have examined the relationship between knowledge regarding PA, and
outcomes in PE contexts (either affective, social, or behavioral). However, there is
evidence of positive association of knowledge of PA guidelines (World Health
Organization, 2010) and health benefits, both with PA participation in young adults
(Abula et al., 2018; Haase et al., 2004), and physical fitness (Vaara et al., 2019).
Similarly, awareness of health risks related to inactivity might predict PA
participation in adults (Fredriksson et al., 2018) and adolescents (Xu et al., 2017). A
consensus among aforementioned studies seems to be that knowledge of these
contents is consistently low, with similar evidence in Portugal: both in PE setting

(Marques et al., 2015) and in young adults (Martins, Cabral, et al., 2019).

Content Validity

Version one (vo.1): Cognitive Interviews

All students (n=4) referred to the questionnaire as having an adequate layout and
length, as well as clear directions for filling in the questionnaire. Their understating
of item stems and rating scales, in the psychological and social modules, matched
our intention: with equivalent conceptual distance between rating scale options. The
response options in the cognitive module were deemed intuitive, given their
familiarity with multiple-choice items. Item content was mostly clear for all

students, with some difficulties arising in discerning the meaning of many items in
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the Culture & Society scale; they suggested adding examples to clarify concepts like

“cultural diversity” and “traditional physical activities”.

We found a quality issue with the cognitive module item C6 (i.e., doping’s impact on
health and fair play): During think-aloud response, it became evident that students
could extrapolate the correct response without pertinent knowledge, due to the
implausibility of distractors. According to students’ comments changes were made
to the questionnaire: we added examples for mentioned concepts and improved the

plausibility of C6’s distractors.

Version two (vo.2): Expert evaluation — 1st round

To quantitatively assess the relevance and clarity of each item, a panel of subject
matter experts were asked to rate each item on a 4-point Likert-type scale. 10
experts in total participated in this round, of these 6,5 and 4 experts rated the
cognitive, psychological, and social modules, respectively. Based on their ratings,
CVI (I-CVI, S-CVI/Ave, and SCI/UA) and k were calculated.

Item relevance

Item CVI ranged from .33 to 1 (cf. Additional File 2): 1 item had a CVI of .33, 3 items
had a CVI of .5, 10 items had a CVI of .75, 6 items had a CVI of .8 and the remaining
70 items a CVI of 1.

K ranged from .13 to 1, with 86 items (96%) considered either excellent (76 items)
or good (10 items) (Table 5); four items were prompted for elimination — one in the
cognitive module (C2, Nutrition) and three in the social module (S3 in Culture &

Society scale, and S30 and S34 in Relationships scale) (Table 5).

Scale relevance

The psychological and social modules showed adequate content validity, with a S-
CVI/Ave of .98 and .90 respectively (Waltz et al., 2010); while the cognitive module
failed to reach the proposed adequacy threshold of .90, with an S-CVI/Ave of .87.

According to the S-CVI/UA, only the psychological module showed adequate content
validity, with a value of .93 (higher than the .80 threshold) (Davis, 1992), while the

cognitive and social modules did not - .60, and .68 respectively.
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Item Clarity
Proportion of agreement ranged from .33 to 1 (cf. Additional File 2): 2 items had an
index of .33, 2 items had an index of .50, 2 had an index of .67, 8 items had an index

of .75, 7 items had an index of .80, and the remaining 69 items an index of 1.

K for clarity ranged from -.07 to 1 (Additional File 2) with 76 items (84%) considered
clear and 14 items prompted for revision — the Culture & Society scale had the greatest
number of items needing revision, followed by Collaboration and Relationships, all in

the social module.

Table 5. Number of items, per scale, in each kappa category of relevance and clarity in result of expert evaluation
(version 0.2 and 0.3)

Relevance Clarity
Kappa* Kappa*
pp S-CVI pp
Module Eliminati
. Good Excellent  (Ave?/UA?) Revision Clear
Element (items) on
15t round (version 0.2)
Cognitive
Nutrition (C1 & C2) 1 — 1 1 1
Fitness and training (C3 & C4) — — 2 2
. .87/.60

Safety and risk (C5 & C6) — — 2 1 1
Health benefits of PA (C7 & C8) — — 2 1 1
Body composition (C9 & C10) — — 2 — 2
Psychological
Motivation (P1-P9, P37) — — 10 1 9
Confidence (P10-P18, P38) — — 10 — 10
Emotional Regulation (P19-

8 (P19 — — 10 .98/.93 — 10
P27, P39)
Physical Regulation (P28-P36,

— — 10 1 9
P40)
Social
Culture & Society (S1-S9, S37) 1 4 5 4 6
Ethics (S10-518, S38) — — 10 .90/.68 — 10
Collaboration (S19-S27, S39) — 4 6 3 7
Relationships (S28-S36, S40) 2 1 7 2
2M yound (version 0.3)
Social
. .96* [ .84%

Culture & Society — — 10 5 5
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Table 5. Number of items, per scale, in each kappa category of relevance and clarity in result of expert evaluation
(version 0.2 and 0.3)

Relevance Clarity
Kappa! Kappa*
S-CVI PP
Module Eliminati .
. Good Excellent (Ave?/UA3) Revision Clear
Element (items) on

‘Multirater modified kappa designating agreement on relevance: x=(I-CVI - pc)/(1 -pc), with pc (probability of a chance occurrence)
computed using the formula for a binomial random variable, with one specific outcome(Polit et al., 2007);evaluation criteria for
kappa(Cicchetti & Sparrow, 1981; Fleiss, 1971): Elimination <.40, Fair kappa of .40 to .59; Good kappa .60 to .74; and Excellent kappa
>.74.

2S-SCI/ Ave - Scale CVI Average: Calculated by averaging all I-CVI in scale/module.

3S-SCI/ UA - Scale CVI Universal Agreement: Calculated by dividing the sum of items with I-CVI of 1.0 by module’s total number of
items.

“Modified criteria for kappa: Needs Revision < .74; Clear > .74.

*Calculation included all scales of social module.

Questionnaire refinement

Based on both qualitative and quantitative evidence from experts, two items were
eliminated from the Relationships scale. It also prompted a major revision of the
Culture & Society scale to increase S-CVI/Ave and S-CVI/UA of the social module to
acceptable levels — informed by consultation with a subject matter expert, and one
of APLF’s authors.

The cognitive module underwent restructuration as most experts commented on
quality issues regarding (1) implausibility of distractors, (2) syntax and (3)
structure. None of the items were eliminated, as it would compromise content
representation, and the two-level framework of the module. Albeit not reaching the
desired threshold for S-CVI (Ave and UA), we chose not to submit the cognitive
module to a formal second round of expert evaluation, given that all k’s (relevance)
were excellent (>.74), save from item C2. Alternatively, we consulted with an
assessment expert to restructure item C2 and improve the clarity on items C6 and

C8, with no changes content-wise.

Version three (vo.3): 2" round results for Culture & Society element
We asked 3 experts to participate in a second round of evaluation of Culture & Society
scale, given the depth of its restructuration. Same procedures and calculations

applied from the 1% round.
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All items in the revised Culture & Society scale obtained a I-CVI and « of 1, indicating
absolute agreement on item’s relevance (Additional File 2). As such, S-CVI/UA of the

social module increased to .84, entering an acceptable range (Davis, 1992).

Proportion of agreement on clarity ranged from .33 to 1 (Additional File 2): 1 item
with .33, 4 items with .67 and the remaining 4 with 1; k ranged from -.07 to 1, with 5

items considered clear and 5 prompted for revision.

Questionnaire refinement

5 items in the Culture & Society scale — with clarity x lower than .74 — were revised
(83 — S5, S7and S9), and S6 was eliminated, since expert’s comments pointed to it
being more representative of general cultural tolerance than adherence to sport’s

culture.

Version four (vo.4): Pilot Testing & Cognitive Interviews

Feasibility

Of the 58 students who got the informed consent, 41 completed the PPLA-Q,
resulting in an attrition rate of about 30%. These 41 students (71% female) studied
in grade 10 of two different schools, with two different majors (19 students from a
Science, Technology, Engineering and Math course, 22 from Humanistic course),

mean age 15 (0.4) years.

Completion time was gathered to assess the questionnaire’s feasibility during PE
classes. Average completion time was 27 (7) minutes (n=34, with the remaining 7
students failing to fill in the beginning and ending time). Questionnaire application
in the gym allowed for ample space between students, which restricted talking;
however, application in a crowded classroom promoted student’s sharing ideas
about the items, and their correct option(s) (in the cognitive module). No response
errors or any suspicious response patterns were identified on the responses (e.g.,

straight or diagonal lining, or alternating poles; Hair et al., 2017).

Preliminary reliability (Psychological and Social modules)
Preliminary reliability for each subscale, as well as each item’s outer loading

(indicator reliability) on its intended construct are summarized in Table 6.

10 of the subscales (63%) attained acceptable reliability according to both a and CR

(>=.70, and >=.60, respectively); 2 subscales only attained acceptable values in the
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upper bound estimate (i.e., composite reliability). Out of the remaining 6, the Ethics
element had the lowest reliability on its two subscales. We noticed a discrepancy in
a and CR’s expected behavior (i.e., a lower than composite reliability) in the

Motivation foundation, and Physical Regulation foundation subscales.

We found that 42 items (56%) had acceptable individual item reliability (outer
loading >.70). 11 items had unexpected negative loadings - as they were intended to
relate positively with their constructs; these were, however, mostly negatively
worded items found in Motivation, Physical Regulation and Ethics foundation level

subscales.

Table 6. Preliminary item and subscale reliability of Psychological and Social modules (n=41; PPLA-Q version 0.4)

Psychological Module Social Module
Element . Subscale Element . Subscale
(Subscale) Item  Outer Loading Reliability! (Subscale) Item Outer Loading Reliability!
P1 32 S1 .69
Motivation g; :?; 76/ 22 Culture 2; gz .66/ .79
(Foundation) Py, 37 (Foundation) s o1
Ps5 -.10
P6 .85 S5 .88
Motivation p7 86 Culture S6 87
(Mastery) P8 .88 .87/ .91 (Mastery) S7 .81 .86/.90
P9 .80 S8 .89
P37 .67 S34 .54
P10 .88 S9 -.14
. P11 .87 . S10 -.95
Confidence Ethics
(Foundation) gg 3? 93/.95 (Foundation) Sg _gg 57/.59
P14 .86 S13 A1
P15 .81 S14 27
. P16 .84 . S15 .81
fn‘;['i‘t‘le“;e P17 21 70/ .80 fﬁ‘;;:e ) 516 51 36/ .53
Ty P18 81 y S17 72
P38 .59 S35 .61
P19 .70 S18 77
Emotional P20 .66 . S19 .91
Regulation P21 WA .75/ .76 g’;ﬁ?&’;ﬁ%ﬁ? S20 .58 .81/ .87
(Foundation) P22 A S21 .69
P23 .55 S22 .80
P24 .68 S23 .83
Emotional P25 .75 . S24 .84
Regulation P26 65 61/ .78 (Cl\‘;il;";‘l’:ra)t“’“ $25 88 80/ .87
(Mastery) P27 .85 y S26 .80
P39 21 S36 35
P28 -.28 S27 .73
Physical P29 -.26 . . S28 .79
Regulation P30 -14 .62/ .17 ?;;iﬂﬁgfgg)s S29 .90 .85/.90
(Foundation) P31 78 S30 .01
P32 .76
P33 .80 S31 .01
Physical P34 38 Relationships S32 .68 /.01
Regulation P35 .85 .76/ .84 (Mastery) S33 .79 7419
(Mastery) P36 .83 S37 .60
P40 .69

iStatistics presented: Cronbach’s « / Composite Reliability.
Note: Results higher than .70 (outer loading and «) and .60 (composite reliability) are bolded (acceptability threshold).

Item analysis (Cognitive module)

Table 7 summarizes the preliminary item analysis of the cognitive module of the

PPLA-Q. We found a mismatch between intended complexity of the item and its
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difficulty in 2 of the 5 content groups (i.e., foundational items being answered
incorrectly more often that mastery items for the same content); as well as an
overall low success in foundational items. Additionally, average difficulty of the
items in the module was .50, representing a more difficult test than ideal for
maximizing discrimination — .70 to .74, for a test with four, five and six options
multiple-choice items (Lord, 1952). Notwithstanding, 6 items showed good or very
good discrimination between lower-knowledge and higher-knowledge students (D
> .30). Distractor analysis revealed that 16 (57%) were low functioning distractors

(i.e., =10% of total responses for the item); these were mostly in easier items.

Table 7. Difficulty, discrimination, and distractor analysis of items in the Cognitive module (n=40; PPLA-Q version 0.4)

Distractor analysis (%)*

Content Level Item p D? Evaluations Response Option
a b C d e

ope Foundation C1 .95 .08 - - 0 95 5 0 —
Nutrition Mastery C2 .78 31 + 3 5 13 80 —
Fitness Foundation C3 45 54 ++ 48 45 5 3 —
and
training Mastery C4 .32 77 +4+ 33 10 15 43 —
Safety Foundation Cs* .40 54 ++ 98 0 80 15 90
and risk Mastery Cc6 .82 31 + 3 3 85 10 —
PA’s Foundation C7 32 46 ++ 33 20 15 33 —
Health
Benefits Mastery C8 .80 .23 - 10 8 3 80 —
Body Foundation C9 15 23 - 15 18 53 15 —
iCooI;npOSIt Mastery C10* 10 23 - 43 13 90 5 53

Average p .50

* Multiple selection items (“choose all that apply”).

1p - Difficulty index: number of correct responses / total number of responses — higher number means easier item.

2D - Discrimination index (generalized ULI): difference in ratio of correct answers in upper and lower third of students.

3Evaluation cutoffs for discrimination index(Ebel & Frisbie, 1991): >.40 Very good (++); .30-.39 Reasonably good (+); .20-.29 Marginal (-), <.19 Poor (- -).
+Percentage of students choosing option — correct options are bolded.

Cognitive Interviews — 2" round

Further individual cognitive interviews (n=2) were conducted to probe student’s
understating of changes made to the items in the last 3 versions of the PPLA-Q, as
well as in items which raised frequent requests for clarification during pilot
application. Interviewed students showed good comprehension of the items.
Additionally, a minor change was suggested in one of the distractors of the item
pertaining to basic safety procedures during PA (C5): substitute “Always drink

water” for “Drink water regularly”.
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Questionnaire refinement

Results of preliminary reliability analysis prompted a detailed analysis of every item
and subscale in the psychological and social modules. Based on this, negatively
stated items were changed into positively stated ones to improve comprehension,
and subsequently, validity and reliability. Minor changes were made to item stems

as well, to improve clarity.

Additionally, 11 global assessment items (e.g., “I’m motivated to practice PA”) were
introduced into the psychological and social modules to allow for convergent
validity assessment through redundancy analysis of the second, third and fourth-
order formative constructs (Cheah et al., 2018; Hair et al., 2017) in further stages of
PPLA-Q_development. Of these, 8 targeted each of the elements, 2 targeted the
general psychological and social domains, and 1 targeted general PL. Their content
followed the respective operational definition stated by the APLF (see Table 3), while

adhering to the same structure and rating scale as the remaining items.

Informed by the results of the preliminary item analysis, items in the cognitive
module were revised to better conform to the expected difficulty levels (i.e., mastery
items harder than foundation ones). We revised low functioning distractors, to make
them more plausible to students. C6 was modified from a single selection multiple-
choice to cloze-type item, with no changes to intended outcome. All revisions in this
module were made in consultation with a subject matter expert to ensure technical

adequacy and content validity.

Before the next iteration of cognitive interviews, all items were co-validated by
non-generating authors to guarantee that clarity was improved, and content

validity was left unchanged.

Version five (vo.5): Cognitive Interviews

To assess the clarity of items changed between version four (vo0.4) and five (vo.5) of
the PPLA-Q, 6 students were interviewed. Most Likert-type items were clear and
coincident with their intended meaning, except those regarding justice (e.g., “I try
to be just”), which led to interpretations related with collaboration and teamwork,
instead of the intended meaning regarding ethics/fair-play. In the revised cloze-
type item in the cognitive module (C6), one of the students failed to respond to the

item according to instructions (i.e., filled in the spaces, instead of circling options
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that would fill each space), revealing a need to clarify its instructions. According to
this data, we fine-tuned all pertaining items. Similarly, informed by the pilot test,
we created two different versions of the cognitive module by mirroring the
arrangement of options — in the second version, A became D, B became C — hoping
to discourage students to share their answers during application and reduce

subsequent measurement error.

Discussion

This article followed the development, content validation, and pilot testing of the
first of two instruments that comprise the Portuguese Physical Literacy Assessment
(PPLA): the PPLA-Questionnaire (PPLA-Q), it assesses the psychological, social and
part of the cognitive domains of PL, inspired by the Australian Physical Literacy
Framework (APLF) and Portuguese PE syllabus (PPES). Its primary target are high-
school students (grade 10 through 12) in PE context. Older adolescents are a critical
intervention group — especially in Portugal — given that they possess lower PA levels
than their younger peers (Baptista et al., 2012; Martins, Marques, et al., 2019; Matos
& Equipa Aventura Social, 2018); and will cease to have mandatory and free access
to professional guidance in PA and movement, eventually becoming dependent on

their PL to participate in meaningful PA, and further advance on their journey.

Content Validity

We gathered evidence on content validity using an iterative process with experts in
each subject matter domain (i.e., for each of the modules), and target population.
The number of experts per module was considered acceptable and ranged from 4 to
6. Although literature recommends 5-7 experts to rate content validity (Boateng et
al., 2018), a minimum of 3 is acceptable for content areas in which expert
recruitment might prove difficult (Lynn, 1986) — as we argue was the case in this

study, given constraints imposed by the COVID-19 pandemic.

PPLA-Q showed evidence for adequate content validity at item level improved
throughout multiple revisions. In version 0.2, using k, 96% of the items were rated
as good or excellent (>.74) (Cicchetti & Sparrow, 1981; Fleiss, 1971) regarding
relevance, and 84% considered clear (>.74). Module-wise, a S-CVI/Ave of .90 is

considered adequate (Waltz et al., 2010), a cut-off that decreases to .80 for S-
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CVI/UA, given that it requires universal agreement between all raters (Davis, 1992).
While the psychological module attained an adequate S-CVI on both accounts
(.98/.93), the social module did so only on S-CVI/Ave (.90 /.68), and the cognitive
failed to achieve both standards (.87/.60); further analysis identified that most
items with lower I-CVI in the two latter modules were those generated without a
conceptual reference to an existing instrument (i.e., Culture & Society). Qualitative
suggestions from the experts and advisors augmented quantitative data, targeting
concepts in need of rewording or clarification. We then revised and eliminated items
to improve content validity across all modules. A targeted revision of the Culture &
Society scale increased overall social module’s S-CVI to.90/.84 (Ave/UA) on a second

round of expert evaluation aimed solely at it (version 0.3).

Multiple rounds of qualitative cognitive interviews were conducted until saturation
was achieved (i.e., no new suggestions emerged) (I. B. Rodrigues et al., 2017) with a
heterogenous sample of high-school students (n=12), using different versions of the
PPLA-Q. These informed improvement on item wording and syntax, to effectively
target the intended concepts and reduce ambiguity. During initial stages, students
noted lack of clarity in abstract concepts like those from the Culture & Society (values,
rituals, and traditions of sport/PA), and Ethics (justice, honesty, fair play) scales;
notwithstanding evidence that iterative revisions clarified these items, further
validation efforts should scrutinize their performance. Similarly, despite obtaining
evidence for item-level content validity (except for item C2), and subsequent
reviews in consultation with a test and assessment expert — based on the qualitative
comments of experts and students — we advise further quantitative scrutiny of the

cognitive module to establish its module-wise content validity.

Feasibility

Average completion time for the PPLA-Q was 27 minutes. Although it might impose
a substantial burden upon respondents, diversity of constructs and items used
throughout the different modules might have effectively reduced it.
Notwithstanding, depuration of subscales in the modules — during the next steps in

development — will certainly reduce this time and further improve feasibility.

We had no response errors and low levels of missing data during pilot testing, which

might stem from student’s routine exposure to questionnaires using the same item
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format (i.e., multiple-choice items and Likert-type scales). We also argue that
application of the questionnaire during PE class, with the lead investigator present,
to clarify any question, might have played a determinant role in this. In one of the
application settings (i.e., classroom) it was notorious the student’s urge to copy or
share their answers from/with colleagues, especially in the cognitive module. The
similarity of this module with usual summative evaluation instruments used in
school setting might partially explain this occurrence; non the less, we expect that
future use of the two differently arranged versions of the cognitive module (i.e.,

mirrored distractors) might reduce this.

We experienced a high rate of attrition (x30%). Constraints imposed by the COVID-
19 pandemic might have reduced the number of students completing the
questionnaire: both by reducing their willingness to participate, as well as the
possibility to be present during application (due to prophylactic lockdown). This
number shall inform the sample size calculations in further phases of development,

as it is expected that these conditions might endure during next phases.

Preliminary reliability and item analysis

Results of reliability analysis in the psychological and social modules established
preliminary evidence of adequate reliability in 10 out of 16 subscales (a >.70 and
composite reliability > .60) (Hair et al., 2017; Nunnaly & Bernstein, 1994). Analysis
of item reliability highlighted items that were contributing negatively to subscale
reliability (outer loading <.70) of the remaining 6 subscales: Upon careful
inspection, most of these were negatively worded. Although the use of negative
wording might filter out unwarranted responding patterns (e.g. acquiescence), they
have the potential to confuse students and compromise validity and reliability
(DeVellis, 2017) by, for example, creating an artificial subconstruct within the
intended subscale (Sonderen et al., 2013). As such, these items were altered and then
tested for comprehension during subsequent cognitive interviews, with positive
results. Further reliability testing is warranted with a bigger sample size, to gather

more definite evidence on the reliability of these subscales.

Regarding item analysis of the cognitive module, item difficulty ranged from .10
(very hard) to .95 (very easy), with an average difficulty of .50. Initial evaluation of
56



Portuguese Physical Literacy Assessment (PPLA)

its 10 items identified 6 good or very good discriminating items (D > .30) (Ebel &
Frisbie, 1991; Lord, 1952) (i.e., capable of differentiating knowledge levels among

students).

We expected items designed for in the mastery level (i.e., pertinent to deeper
learning) to be more difficult than those in the foundation level, within the same
content; however, pilot data does not fully support this idea, as foundational items
were more difficult than their mastery counterpart in 2 content pairs (C5 & C6,C7 &
C8). We identified low-functioning distractors in the mastery level’s C6 & C8 (non-
plausible), that increased likelihood of a correct answer, even without full
knowledge of the content. Conversely, C5 and C7 (foundation) had characteristics
which inflated its difficulty: one of C5’s (multiple selection item about safety during
PA) intended “correct” options contained absolute language ( “[one should]
hydrate during all the duration of the activity”), steering respondents away from it;
while C7 measured factual knowledge of the recommendations for PA in children
and adults, which has been previously shown to be low among adolescents (Marques
et al., 2015) and young adults (Haase et al., 2004; Martins, Cabral, et al., 2019). A
similar phenomenon emerged with C9, which asked respondents to select the Body
Mass Index calculation formula — although students might be familiar with the
concept, they might not recall its formula. Informed by this data, distractors were

thoroughly revised.

We would like to acknowledge, that although the methods used here to preliminarily
assess the quality of the items followed the Classical Test Theory framework , Item
Response Theory and Rasch models might play a role in further validation efforts,
since they expressly integrate the notion of item difficulty (as well, as other possible
parameters like discrimination and guessing) into the calculation of student’s
scores (Andrich & Marais, 2019); this would allow precise student scoring along the
learning continuum posited in the development of PPLA. These were not used in this

pilot study, given their requirement of larger sample sizes (Haladyna, 2004).

PPLA as a whole is intended to assess the integrated physical, cognitive,
psychological, and social variables that are posited to underpin PL; both to direct the
pedagogical action at local, regional and national level in proving a PL-supporting

environment, and to inform self-directed changes by the students. Even though it
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pertains to attitudes, skills and knowledge applied in general PA settings, further
adaptation is warranted if it is to be applied to younger students and/or outside of
PE. Moreover, we argue that although culture might play a defining role in the
representation of PL — as stated by Whitehead (Whitehead, 2010) — and that the
PPLA-Q was designed with this peculiarity in mind, most of its indicators (i.e.,

items) might be easily adapted to other cultural contexts.

Strengths and Limitations

To our knowledge, this study is the first report of content validity for a measurement
instrument of PL designed for grade 10 to 12 adolescents. The content in the tool was
inspired by the APLF and the PPES, informed by previous decisions of consortium of
experts during a European project (PhyLit). Its development used an iterative
process of content validation, using both subject matter experts in each knowledge
domain (i.e., cognitive, psychological, and social), as well as target population,

resulting in many revisions to improve its clarity and validity.

Although great care was taken to create a heterogeneous sample for the cognitive
interviews and pilot test, all participants were nonetheless from a convenience
sample from Lisbon’s metropolitan area. Similarly, we could not reach our goal of 6
experts participating in every module. The effects of the COVID-19 pandemic might
have had an overarching effect on expert availability to participate in the project,
and students’ participation rate — through previously discussed constraints.
However, we did not collect enough information to extrapolate specific causes for
attrition, which could provide additional insights to prepare future studies and

further improve feasibility.

Given that only preliminary testing was done regarding reliability and construct
validity, further work is warranted and is currently ongoing to establish evidence in

this regard, with a statistically adequate sample size.

PPLA inherits the complex nomological network of APLF, as such, some theoretical

constructs underwent adjustments in other to be fully integrated into the same

model; as such, further robust construct validation needs to ensure adequate

dimensionality of each construct chosen, as well as the accuracy, validity, and

practical usefulness of the usage of the learning continuum posited through the

foundation and mastery levels. Further studies should also evaluate PPLA-Q’s
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integration with PPLA-O (in development) to provide a holistic, integrated

assessment, as warranted.

Similarly, this effort might allow for depuration of the instrument, contributing to
a more parsimonious and shorter version; further improving its feasibility in PE
contexts. As the PPLA-Q only targets older adolescents now, future adaptation into
earlier age ranges might provide a clearer picture of PL development throughout all

school-age.

Conclusion

This study details the iterative development process of the PPLA-Qas an instrument
to assess the psychological, social, and part of the cognitive domain of PL in grade
10 to 12 adolescents (15-18 years). It also provides evidence for adequate content
validity at item level, and, except for the cognitive module, at module level. It was
improved through multiple rounds of expert and target-population consultation.
This instrument has also shown good feasibility within PE settings and gathered
preliminary evidence in favor of its reliability for application in older adolescents.
Further validation efforts are needed to reinforce these conclusions, establish
evidence of construct validity, and study PPLA-Q’s integration with the PPLA-0O (an
instrument in development to assess the remaining domains of PL) within the PPLA

framework to provide feedback to support older adolescents in their PL journey.
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Abstract

Background: Aims of this study were to assess construct validity (dimensionality,
measurement invariance, convergent and discriminant validity) and reliability of
the previously developed Psychological and Social modules of the Portuguese

Physical Literacy Assessment — Questionnaire (PPLA-Q).

Methods: Mokken Scale Analysis was used in a final sample of 508 Portuguese
adolescents (Mag= 16, SD = 1 years) studying in public schools in Lisbon. A retest
subsample of 73 students, collected 15 days after baseline, was used to calculate

Intraclass Correlation Coefficient (ICC).

Results: The 8 scales in the 2 modules can be interpreted as moderate to strong
Mokken scales with H coefficient ranging from .47 to .66; 4 of these scales had an
interpretable Invariant Item Ordering (H'>.30). Results suggest that all scales
function similarly in male and female adolescents, except for the Physical Requlation
scale which has shown evidence of a sex bias. All scales had good total score
reliability (p>.80, ranging from .83 to .94); regarding test-retest reliability: 3 scales
had good to excellent reliability (ICCqseci ranging from .72 to .95), and 5 scales
presented moderate to good reliability (ICCyswciranging from .51 to .85). Scales score
correlated as theoretically expected, with low to moderate across domain

correlations providing support of convergent and discriminant validity.

Conclusions: Evidence supports the construct validity and reliability of the
psychological and social modules of the PPLA-Q_to assess the psychological and
social domains of Physical Literacy in the Portuguese PE context for grade 10-12 (15-

18 years) adolescents.

Keywords: physical literacy, assessment, physical education, construct validity,

reliability, high-school, adolescence.
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Background
Physical Literacy (PL) is a holistic concept referring to the skills and attributes that

individuals demonstrate through physical activity (PA) and movement throughout
their lives, enabling them to lead healthy and fulfilling lifestyles (Physical Literacy
for Life, 2021), and reap the widely documented physical, cognitive, affective and
social benefits of PA (Australian Government Department of Health, 2019; World
Health Organization, 2020). This would help counter the scenario where 27.5% of
adults worldwide still fail to meet PA guidelines (Guthold et al., 2018). The scenario
for adolescents (11-17 years) is much worse, with 81% failing to meet these
guidelines (Guthold et al., 2020). Further studies in Portugal detail that among
adolescents, high-schoolers (grade 10-12) seem to have lower PA levels and
increased sedentary behavior than their younger peers (Baptista et al., 2012; Matos

& Equipa Aventura Social, 2018).

Quality physical education (PE), as a mandatory, free and qualified environment, is
exhorted as a central piece of the solution to address this issue through the
development of PL (Guthold et al.,, 2020; UNESCO, 2015). If this goal is to be
achieved, assessment is an essential part of the endeavor to track and understand

progress (Corbin, 2016b).

The Portuguese Physical Literacy Assessment (PPLA) is a tool composed by two
parts (a questionnaire, PPLA-Q; Mota et al., 2021), and an observational instrument,
PPLA-O, in development) developed for use in PE to provide a feasible and
integrated assessment of the PL of grade 10 to 12 students. This tool was inspired by
the Australian Physical Literacy Framework (APLF; Sport Australia, 2019) and by the
outcomes and didactic philosophy of the Portuguese PE syllabus (Ministry of
Education [Ministério da Educacdo], 2001a, 2001b). PPLA-Q features three modules:
psychological, social and cognitive; assessing a selection of elements from the APLF

(Mota et al., 2021).

Among the psychological and social modules are elements that are posited as
determinants of PA participation in adolescents (Cortis et al., 2017), and associated
with multiple beneficial outcomes inside and outside of PE (W. Li et al., 2008; Pozo
et al., 2018). For each of its eight elements, two Likert-type subscales were

developed with differing difficulties: one to measure foundational skills and
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attitudes (Foundation), and another targeting a higher degree of development
(Mastery). Both are posited to stand along a learning continuum, according to an
integration of the learning taxonomies of Structure of Observed Learning Outcomes
(Biggs & Collis, 1982), and Bloom’s Affective taxonomy (Krathwohl et al., 1964). The
choice to separate a continuum into two subscales was based on an initial Classical
Test Theory-based development framework, whose dimensionality assessment
methods (i.e., linear factor analysis) are prone to grouping together items (i.e.,
creating a method factor), based on difficulty (Sijtsma & Ark, 2021; van Schuur,
2003).

However, Item Response Theory models provide a solution to this issue, explicitly
modelling difficulty as a parameter. Within this large class of models,
nonparametric models (NIRT) — like those included in Mokken Scale Analysis (MSA,;
Sijtsma & Ark, 2021) have been pointed out as particularly useful for affective
variables (e.g., Reise & Waller, 2009), since their underlying response processes
might not conform to more rigidly defined response patterns implied by parametric

models (van Schuur, 2003; Wind, 2017).

Previous research has highlighted differences in adolescents across sexes in both PA
participation (Guthold et al., 2020) and other elements included in the PPLA-Q
scales (Vaquero-Diego et al., 2020; Vasconcellos et al., 2019). However, before any
meaningful comparisons can be drawn, differential item, and test, functioning (DIF
and DTF) analysis are warranted, to provide evidence of measurement invariance
across sexes at item and scale-level (Gamerman et al., 2019; Moorer et al., 2001;
Teresi et al., 2008). Similarly, test-retest reliability is crucial in distinguishing
random short-term scores differences from true change (Polit, 2014), allowing

reliable tracking of learning in these elements over time.

This study was part of a larger project to validate all measures of PPLA and aimed to
a) investigate dimensionality, convergent and discriminant validity, measurement
invariance (DIF and DTF), and b) reliability (total-score and test-retest) of the
psychological and social modules of the PPLA-Q in Portuguese grade 10 to 12 (15-18
years) adolescents through MSA.

64



Portuguese Physical Literacy Assessment (PPLA)

Methods

Participants

Main study (baseline)

A convenience sample was used consisting of 521 grade 10-12 students from 25
classes in 6 public schools in the metropolitan Lisbon area, out of 611 available
students (15% attrition rate, down from 30% in prior pilot study). Due to COVID-19
restrictions, only schools with a PE preservice protocol with the Faculty of Human
Kinetics were selected. To increase representativeness, recruitment was stratified
by grade, and course major. We drew target percentage quotas according to student
numbers reported for the school year of 2017/2018 (Ministério da Educacdo
[Ministry of Education], 2019): 37%, 32% and 31% from grades 10, 11 and 12
respectively; regarding course major, initial target percentages were: Science,
Technology, Engineering and Math (STEM; 52%), Humanistic and Linguistics
studies (29%), Economical studies (13%), and Visual Arts (6%). We also chose
schools from as diverse as possible socioeconomic backgrounds — based on
information in each schools’ educational project. 13 students missed class on data
collection day and were removed from this study. Table 8 sums up the main
characteristics of the final sample used in the analysis which adhered to target
quotas within marginal variation (<5%), conforming to acceptable sample sizes for

Mokken Scale Analysis (MSA) (Mokkink et al., 2018; Straat et al., 2014).

Retest study phase

A subsample of 73 students was used for retest application (Table 8). Minimum
sample size (N=64) estimation was based on a power analysis for an expected
Intraclass Correlation Coefficient (ICC) of .80, with .10 precision in its 95%
confidence interval (Bonett, 2002), accounting for 20% of subject attrition — using
an online calculator (Arifin, 2020). Given time and COVID-19 constraints, no

stratification was possible.
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Table 8. Sample characteristics

Baseline Retest
Characteristic N = 508! N =73t
Sex
Female 299 (59%) 41 (56%)
Male 209 (41%) 32 (44%)
Age 16 (1) 16 (1)
Grade
10 204 (40%) -
11 137 (27%) 73 (100%)
12 167 (33%) -
Major
Economics 75 (15%) -
Humanities 165 (32%)
STEM 268 (53%) 73 (100%)
School
School 1 39 (7.7%) -
School 2 61 (12%) -
School 3 21 (4.1%) -
School 4 69 (14%) -
School 5 207 (41%) 73 (100%)
School 6 111 (22%) -

STEM - Sciences, Technology, Engineering and Math
'Statistic presented: n (%); Mean(SD)

Measures

PPLA-Q s a questionnaire developed to assess the psychological, social, and part of
the cognitive domains of Physical Literacy in Portuguese adolescents. Evidence
supporting its content validity has been previously established (Mota et al., 2021).
The psychological and social modules, in their current development version (v0.6)
are comprised of 46 and 43 Likert-type items, respectively, divided in eight
elements: (1) Motivation, (2) Confidence, (3) Emotional Reqgulation, and (4) Physical
Regulation in the psychological module; and (5) Culture & Society, (6) Ethics, (7)
Collaboration, and (8) Relationships in the social module (Table 9 and Table 10). All
items used a consistent 5-points unipolar response scale. Response points were fully
labelled, using both numeric and verbal labels, (0 = Not at all; 1= Slightly; 2
=Moderately; 3 =Quite a lot; 4 = Totally), measuring student’s identification with each

of the statements (general stem: “How much do these statements describe you?”).

Procedures

Main study (baseline)

The PPLA-Q was self-administered during PE classes to increase response rate,
supervised by the lead author from January to March 2021. The short form of the
International Physical Activity Questionnaire (IPAQ-SF; Craig et al., 2003) was also
applied for further validation studies. Data collection started in paper format,
however, due to COVID-19 lockdown only 3 out of 25 classes sampled used this
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format (n= 60). Data collection resumed in online format using LimeSurvey
(LimeSurvey GmbH, 2021) for the remaining classes. Participants were informed of
the questionnaire’s goals, anonymity and encouraged to provided honest answers
through a standardized initial instruction. Average completion time (n= 452) was

5.5 (2.2) and 4.6 (1.8) minutes for the psychological and social modules, respectively.

Retest study phase

Second application of the PPLA-Q occurred in online format, 15 days apart from first
application to reduce carryover effects (Nunnaly & Bernstein, 1994). IPAQ-SF was
not applied to this recurrent sample. Remaining procedures were equal. Average
completion time (n=73) was 3.8 (1.2) minutes and 3.3 (1.1) minutes, for the

psychological and social modules, respectively.

Analysis

All analysis were performed in RStudio (RStudio Team, 2020) with R 4.1.0 (R Core
Team, 2020). Negatively stated items (S15, Ethics scale) and items P2 — P6
(Motivation scale) were reversed so that an increase in score would correspond to an
increase in each assessed element. Resulting from the application in paper format,
nine items had one missing response (0.2%). For these items, values were imputed

using two-way imputation (Bernaards & Sijtsma, 2000).

Dimensionality

Given MSA’s models cumulative nature (i.e., recognizing that different items might
have different difficulty levels which might influence their endorsement; van
Schuur, 2003), we analyzed each element in a single scale, coherent with the logic of
a continuum that led to their development, instead of separating them into two

different subscales based on difficulty.

Prior to MSA, Guttman errors were calculated by scale and values that surpassed
Tukey’s upper fence were deemed as outliers (Zijlstra et al., 2011). These ranged
from 23 to 35 students depending on the scale (5% to 7% of sample size). Sensibility
analysis revealed that these outliers greatly affected the scalability coefficients for

each scale, and so were removed from further analysis (Sijtsma & van der Ark, 2017).

The freeware RStudio (RStudio Team, 2020) with R version 4.1.0 (R Core Team, 2021)

was used for all statistical analysis. MSA results and total-score reliability
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coefficients were calculated within the mokken package (Ark, 2012); while ICC were

obtained with the irr package (Gamer et al., 2019).

MSA was used in a confirmatory manner to test the dimensionality and total-score
reliability of each scale, through fitting of the polytomous Monotone Homogeneity
Model (MHM) and polytomous Double Monotonicity Model (DMM).

Unidimensionality assumption was assessed using the 95% confidence intervals for
scalability coefficients at item (H;) and scale level (H). For H;, a .30 cutoff was used
(Ark, 2012): non-conforming items were eliminated one by one, after evaluating the
impact on content representativeness and their scalability with other items in the
scale. H for final scales were evaluated using the criteria of: H = .50, .40 < H < .50,
and .30 < H < .40, for strong, medium and weak scales respectively (Sijtsma &

Molenaar, 2002).

Local independence was assessed through the conditional association procedure
(Sijtsmaetal., 2015; Straat et al., 2016). Pairs of items flagged by the mokken package
for positive local dependence (PLD; W,and W, statistic) or negative local dependence
(NLD; W; statistic) were examined regarding their content, and the least

representative item was deleted in each pair before the analysis was rerun.

Monotonicity and Invariant Item Ordering (II0) were assessed through the crit
statistic for each item, using a cutoff of crit < 40 (Stochl et al., 2012). Analysis of 110
was supplemented by graphical analysis of pairwise Item Response Functions (IRF)
to assess non-intersection (Sijtsma et al.,, 2011; Wind, 2017). After II0 was
established, Htrans (H") coefficient was calculated using Manifest Item Invariant
Ordering to assess the accuracy and usefulness of said IIO; evaluation used the
criteria of HT > .50, .40 < HT < .50, and .30 < HT < .40 for high, medium and low

accuracy, respectively (Ligtvoet et al., 2010).

For scales in which clusters of unscalable items and/or borderline scalability
coefficients (Higscr = .30) were identified, further exploratory analysis was
performed using both the Automatic Item Selection Procedure (AISP) and Genetic
Algorithm (GA) features available in the mokken package. These were run from
lower-bound c =.30 to .60 in incremental steps of .05 to detect changes in clustering

patterns of items at different scalability thresholds (Hemker et al., 1995; Sijtsma &
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van der Ark, 2017). Clusters discovered with these features were then submitted to a

confirmatory analysis, using the procedures previously presented.

Measurement invariance

We assessed whether DIF and DTF according to sex was present in each scale by
calculating scalability for each item (H;) and scale (H) for the female and male
subgroup (Sijtsma & van der Ark, 2017; Wind, 2017). We then analyzed its difference,
and its statistical significance (at p = .05): non-intersecting 95%CI of both
coefficients were considered as evidence of statistically significant differences

between sexes.

Reliability

Molenaar and Sijtsma p (1988) was calculated as an unbiased measure of test-score
reliability for each of the final scales. Its interpretation followed the same cutoffs as
those of Cronbach’s « (Cronbach, 1951): with p > .70 considered as acceptable
(Nunnaly & Bernstein, 1994) and p >.80 considered as good (Price, 2017). For
comparison purposes with previous studies and readers accustomed to CTT, we also

computed « coefficient.

To establish total score test-retest reliability we computed Intraclass Correlation
Coefficient (ICC) and its 95%CI according to a single rater, absolute agreement,
two-way mixed effect model (formula 2.1 in Koo & Li, 2016), using sum scores of
the final scales at both time points (Liljequist et al., 2019). ICC values of .90, .75, .50
were used, respectively, as thresholds for excellent, good, and moderate test-retest
reliability (Koo & Li, 2016).

Discriminant and convergent validity

Bivariate Spearman correlations (and its 95%CI) were calculated among total
summed scored using the RVAideMemoire (Hervé, 2021) package with 1000
bootstrap replications. These correlations were then disattenuated for
measurement error using obtained p coefficients of each variable pair as ry/v/pxpy
(Murphy & Davidshofer, 2005), and used to evaluate discriminant validity
(threshold of r =.85 to discern whether variables were statistically different) and
convergent validity based on magnitudes reported in similar studies. Interpretation
of magnitudes followed (Hinkle et al., 2003) guidelines: r >.90, >.70, >.50, >.30, as

very high, high, moderate, and low correlations, respectively.
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Results

Item response frequencies and difficulty

Table 9 displays the response frequencies in each response category, as well as mean
for each item in the psychological and social modules of the PPLA-Q. No response
option had higher than 55% frequency, suggesting a balanced distribution of
responses across options; 9 items (10%) had no responses in their lowest response
option (0 — “Not at all”). As expected, items developed to represent a higher
development in each element (i.e., Mastery) had overall lower mean values (i.e.,

higher difficulty) than their less complex (i.e., Foundation) counterparts.

Dimensionality

Scalability

In the psychological module, 9 items were deemed unscalable since the confidence
interval for their Hiincluded the cut-off value of .30 (or a lower value) (Table 11-12):
4 of these items were in the Motivation scale, with items P3 and P4 — both pertaining
to introjected regulation — displaying high scalability between each other (H; = .74);
3 were in the Emotional Regulation scale, where items P24, P26 and P27 had high
scalability between each other (Hij= .64 to .78) suggesting the existence of an item
cluster pertaining to evaluation of other’s emotions (e.g., P27 — “I understand what

others feel”); and the remaining item in the Physical Reqgulation scale.
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Table 9. Percent response frequencies for the Psychological Module of the PPLA

Frequency per response
Scale Level Label Content* Mean (SD) option (%)
0 1 2 3 4
Motivation  Global P1 I am motivated to practice PA 2.6 (1.0) 2 11 37 30 20
. R .
Foundation P2 ; lpl)(r)iitjlce PA because others tell me I 3.0 (11) 110 17 31 4
P3R I feel guilty when I do not practice PA 2.0 (1.2) 11 30 25 20 14
P4R I feel bad about myself when I do not
practice PA 1.9(1.2) 14 28 26 21 11
P5R I feel pressured by others to practice PA 3.3(1.0) 2 1 28 55
P6R I practice PA because I feel others would be
unhappy if I did not 36 (0.8) 0 2 718 72
Mastery P7 I practice PA because it is fun 2.5(1.1) 4 11 31 34 20
P8 I feel good when I practice PA 3.2 (0.8) 1 2 16 36 45
P9 I consider PA a part of me 2.4 (1.3) 8 21 25 22 25
P10 I value the benefits of PA 3.3(0.8) 1 3 10 38 48
P11 I see PA as a fundamental part of who [ am 2.2 (1.2) 10 22 27 22 19
P43 I feel more motivated to reach my goals
because I practice PA 2.4(11) 5 1527 35 17
Confidence Global P13 I feel confident to practice PA 2.7 (1.1) 5 11 24 34 26
Foundation P14 * I am confident in my abilities 2.4 (1.0) 5 1 37 33 14
P15 * I can participate with success 2.6 (0.9) 1 8 33 42 16
P16 * I consider myself competent 2.5(1.0) L 11 36 34 15
P17 * I have trust in my skills 2.5(1.1) 3 14 33 29 20
P18 * I feel good about the way I can participate 2.5(1.0) 3 12 31 34 19
Mastery P19 * I can participate in PA that I consider
challenging 2.5 (1.0) 2 16 31 36 15
% . .
P20 I know how to become more confident in 2.2(11) 8 20 33 28 12
myself
P21 * I feel competent even when I am
criticized 2.3(1.2) 7 18 28 29 18
P22 * I believe in myself even when I lose 2.3(11) 6 18 32 28 16
P44 ** I feel more confident in my skills
because I practice PA 25(1) 5 14 29 33 19
Emotional  Global P23 * ] can manage my emotions
Regulation 2.4 (11) 5 17 31 32 15
Foundation P24 * ] can recognize other’s emotions 2.8 (0.9) 2 3 27 47 21
P25 * ] can recognize my emotions 2.8 (0.9) 2 6 24 43 26
P26 * ] am sensitive to the feelings of others 2.7(0.9) 2 7 29 43 19
P27 * [ understand what others feel 2.6 (0.9) 2 6 35 42 16
P28 * I can identify what I feel 2.7(0.9) 2 8 26 44 19
Mastery P29 * I can anticipate what I will feel 2.2 (1.0) 5 19 41 28 8
P30 * I can deal with difficulties rationally 2.6 (0.9) 1 10 36 38 15
P31 * ] can manage my emotions when
necessary 2.5(1.0) 3 10 35 37 15
P32 * T have a good control of my emotions 2.3 (1.0) 4 15 36 33 12
P45 ** [ am better at controlling my emotions
because I practice PA 19 (12) 1325 33 18 10
Physical Global P33 * ] can manage my effort
Regulation 2.6 (0.9) 1 8 33 4 15
Foundation P34 * I know when I am tired 3.3(0.8) 0 1 10 45 44
P35 * I can recognize changes in my breathing 3.3(0.8) 1 1 10 44 44
P36 * ] can recognize changes in my heart rate 3.2(0.8) 1 3 9 39 48
P37 * I recognize my physical limits 2.8 (0.9) 1 A 13 42 4O
P38 * I can recognize the effect that different
intensities have in me 3.0(0.8) 1 70025 4225
Mastery P39 * T use strategies to manage my effort 2.3 (1.0) 1 3 19 48 28
P40 * I can anticipate when I will be fatigued 2.4 (1.0) 4 20 34 29 13
P41 * ] can control my fatigue 2.0 (1.0) 4 17 33 33 13
P42 skIjltlike action to improve my physical 2.9 (1.0) 6 27 40 22 6
P46 ** [ am better at controlling my fatigue
because I practice PA 2.5 (1) 2 9 24 33 32
'General item stem: “How much do these statements describe you?”; *Reverse-coded item
" Specific item stem: “In Physical Activity Contexts:”; ** Specific item stem: “In the different contexts of my life:”
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Table 10. Percent response frequencies for the Social Module of the PPLA

Frequency per response
Scale Level Label Content* Mean(SD) option (%)
0 1 2 3 4
Culture Global S1 I believe that the cultural aspects of PA are
important (e.g., its rituals, terminology, 2.5(1.1) 5 15 28 35 18
clothing, values)
Foundation S2 I participate in PA rituals (e.g., greetings,
hymns/chants, cheers, applauses) 16(13) 29 23 2 15 1
S3 I use specific PA terminology (e.g., names of
technics and tactics, names of equipment, 2.2(1.1) 7 24 30 26 14
idioms)
St I use specific clothing of the PA I am practicing 3.0 (1.1) 8 16 31 43
S5 I watch PA events (e.g., competitions,
spectacles, shows) 2.4(12) 18 25 26 23
Mastery S6 Ilike to keep up with PA events (e.g.,
competitions, spectacles, shows)] 25(13) 8 17 22 26 27
S7 I am interested in the cultural aspects of PA
(e.g., its rituals, terminology, clothing, 1.9(1.2) 1 26 31 22 11
values)]
S8 I encourage others to watch PA events (e.g.,
competitions, spectacles, shows) 16(13) 25 29 20 16 10
S9 I encourage others to participate in each PA’s
culture (e.g., rituals, terminology, clothing)] 14(1.2) 28 29 24 137
S40 ** [ am more involved in other cultural
activities (e.g., theater, music) because I 1.3(1.2) 32 26 24 13 6
practice PA
Ethics Global S12 * 1 try to behave correctly and justly 2.4(0.7) 1 8 42 50 0O
Foundation S13 * I respect my adversaries 3.4(0.8) 1 1 9 37 52
S14 * I follow the rules 3.4(0.7) 0 1 7 4L 48
S15 * I cheat if it brings me benefits 3.2(1.0) 2 4 12 32 50
S16 * I respect the decisions of authorities (e.g.,
referee, umpire, coach/teacher)] 3-2(0.9) 1 3 1639 4
% - g .
S17 ‘ I pehave according to fair-play / sport ethics 33(0.8) 1 1 12 38 48
principles
Mastery S18 * T understand the importance of fair play/
sport ethics’ principles 3.5(0.8) 1 1 9 27 62
S19 * I take action to make others behave
according to fair play/sport ethic 2.8 (1.0) 3 7 23 38 29
S20 * I follow the rules, even if unsupervised 3.1(0.8) 1 2 17 45 35
S21 * I behave according to fair play/sport ethics’
principles on my initiative 32(09) ! 316 36 44
S22 * I take action for others to follow the rules 2.7 (1.0) 3 8 27 39 22
ksk i i
S41 PAI am more honest and just because I practice 1.9 (1.2) 15 24 28 26 7
Collaboration Global S23 * I collaborate with others 3.3(0.7) 0 1 15 47 36
Foundation S24 * I am sympathetic with others 3.2(0.7) 0 1 15 51 32
S25 * I control my behavior towards others 3.1(0.7) 0] 0] 4L 37 59
S26 * I respect others 3.5(0.6) 0 0 7 48 45
S27 * I cooperate with others 3.4 (0.6) 1 4 17 39 39
Mastery S28 * ] encourage others 3.1(0.9) 3 4L 23 4O 30
S29 * I care about others’ success 2.9 (1.0) 1 3 21 44 31
S30 * I help others achieve success 3.0(0.8) 1 2 17 51 31
S31 * I am helpful to others 3.1(0.8) 1 19 33 28 8
S42 ** [ collaborate more with others because I
practice PA 2.0 (1.1) 8 20 35 29 8
Relationships Global S32 * I have a positive relationship with others 3.2 (0.7) 0 1 12 51 35
Foundation S33 * I interact with others 3.1(0.8) 0 3 17 45 34
S34 * ] share a common goal with others 2.8 (0.9) 2 6 27 39 26
S35 * I feel close to others 2.7 (1.0) 2 8 29 41 21
S36 * I feel a sense of camaraderie with others 2.8 (0.9) 2 7 24 L4 22
Mastery S37 OtIhtearl;e action to improve my relationship with 2.9(0.9) 5 6 22 42 28
S38 otIhlérrl:W how to improve my relationship with 2.6 (0.9) 1 10 35 37 16
S39 * I care about my relationship with others 2.9 (1.0) 4L 6 20 41 30
S43 ** I have better relationships with others
because I practice PA 2.0(11) 1220 32 28 8
'General item stem: “How much do these statements describe you?”;*Reverse-coded item
*Specific item stem: “In Physical Activity Contexts:”; ** Specific item stem: “In the different contexts of my life:”

72



Portuguese Physical Literacy Assessment (PPLA)

In the social module, 6 items were unscalable: 2 in the Culture scale; 2 in the Ethics
scale, one of which was the single reverse-scored item of the scale; 1 in the
Collaboration scale; and 1 in the Relationships scale. None of the unscalable items
displayed a clustering pattern (i.e., high scalability between otherwise unscalable
items), however, 4 of these 6 unscalable items were developed to assess the highest
level of development in each corresponding scale — the capability to transfer the
social skills developed in a PA context to other contexts). All 15 items were removed
in a stepwise manner, ensuring that remaining items in each scale conformed to the

.30 cutoff.

Local Independence

Using the Conditional Association procedure, 3 psychological module items were
flagged for likely being in a PLD pair with other(s) item(s) in the same scale (Table
11-13 column 3; 1 in the Motivation scale, and 2 in the Physical Requlation). For the
social module, this number increased to 8 items (Table 15- 17, column 3; 1 in the
Culture scale, 3 in the Ethics scale, 2 in the Collaboration scale and 2 in the
Relationships scale). Most identified pairs were within the same lower-level
structure (i.e., Foundation or Mastery), within the same specific trait (e.g., P9 and P11
with the same motivational regulation) or had similar wording. Within each pair, an
item was chosen to be removed according to content coverage of the scale, resulting

in the removal of 11 items total.
Monotonicity

Graphical analysis of each Item Response Function (IRF), supplemented by the crit
statistic in the mokken package revealed no significant violations of the
monotonicity assumption (all crit = 0). As such, all scales conformed with the
Monotone Homogeneity Model, suggesting that the relative ordering of students

according to each construct (scale) is consistent across its items.

Invariant Item Ordering (II0) and total scalability

During I10 analysis of both the IRFs and the corresponding crit statistic, 2 items in
the Confidence scale (P15 and P17), and 1 item in both the Ethics and the Collaboration
(S16 and S25, respectively) scales revealed intersections with other IRF within the
same scale (crit > 40) and were removed so that scales conformed with the

additional requirement of the Double Monotonicity Model. Table 19 displays the
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resulting scales’ total scalability coefficients (H) and IIO coefficients (H"). Based on
their 95%CI, 2 scales formed medium to strong (Motivation, and Physical
Regulation), while the remaining 6 formed strong Mokken hierarchical scales (H
lower bound > .50, estimates ranging from .50 to .66). Despite displaying formal 110
(through non-intersection of IRFs), 4 of the scales (Confidence, Emotional
Regulation, Collaboration, and Relationships) had an estimated H' lower that .30
(Table 19), thus, such ordering might be too inaccurate for practical purposes
(Ligtvoetetal., 2010) — students might perceive neighbor items as having equivalent
difficulty. The remaining 4 scales displayed better prospects for such ordering, with
their I1O accuracy as weak (Motivation, and Culture), medium (Physical Regulation)

and strong (Ethics).

Additional dimensionality analysis — Exploratory Mokken Scaling

Motivation

We noticed a pattern of borderline CIys., lower bound values for H; in items P2 and P5
in the Motivation scale; and high scalability between items P3 and P4. At ¢ = .30 both
the AISP and GA algorithms clustered P3 and P4 into a separate scale, and at c= .35
the items formed 3 clusters, coherent with different motivational regulations in SDT
(Ryan & Deci, 2017), with the more autonomous regulations clustered together
(Cluster 1 — External regulation; Cluster 2 — Introjected Regulations, Cluster 3 —
integrated and internal regulations); this pattern persisted at higher c values, with
P10 (the single item pertaining to identified regulation) becoming unscalable past c
= .45. Further confirmatory analysis of these clusters (Table 11, columns 5-7)
revealed that, after removal of items flagged in local dependence pairs, they formed
two strong Mokken scales (since Cluster 2 was composed of only two items, it was
not considered) conforming with the DMM: Cluster 1 (H= .61, H” = .50) and Cluster 3
(H=.60,HT = .56).
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Table 11. Mokken Scaling Analysis (MSA) abbreviated results for the Motivation scale of the PPLA-Q; n = 481

DIF
X _ _ Exploratory MSA (AISP + GA) —
Label Mean (SD) Confirmatory MSA DNfemale = f;%? [ Nimate= C= .45
Removed items Final Hi[95%CI] AH; Removed items Cluster 1 Cluster 2 Cluster 3
P1 2.6 (0.9) .56 [.52,.61] -.01 .62[.57,.67]
P2 3.0 (1.0) .38[.31, .45] -.01 .58 [.49,.66]
P3 1.9 (1.2) us: -.01 [(2_)‘08’ -06] 74168, .80]
P4 1.8 (1.2) us: .02 [.04,.09]® .74.[.68,.80]
P5 3.3(0.9) 39[.32,.46] -12 .64[.56,.72]
P6 3.6 (0.7) us: .36 [.28,.43] @ .60[.51,.69]
P7 2.6 (1.0) 46 [.40,.51] .04 .57[.52,.63]
P8 3.3(0.8) .50 [.45, .55] .00 .60 [.54, .65]
PLDpy; (W - 8.02) PLDps (W, - 2.86)
P9 2.4 (1.2) and PLDp, (W, - and PLDpy; (W, -
7.33) @ 4.05)@
P10 3.3(0.7) us: .33 [.27,.40]® us
P11 2.2(1.2) 54[.49,.58] -.05 .61[.57,.66]
P43 2.5(1.1) 46 [.41,.51] -.04 NLDp;(W5- 8.36)®
H[95%CI] 47 (.43, .51] -.03 .61[.53, .68] .74, .68, .80] .60 [.56,.65]

Note: all items showed no violations of monotonicity assumption (crit = 0)
®-@]tem removal order
DIF — Differential item functioning; us — unscalable item; PLDx — positive local dependence (subscripted item pair); NLD — negative local dependence (subscripted item pair)

Table 12. Mokken Scaling Analysis (MSA) abbreviated results for the Confidence scale of the PPLA-Q; n = 474

X DIF
Label Mean (SD) Confirmatory MSA Nfemate = 279 [ Nimale= 195
Removed items Final Hi[95%CI] AH;
P13 2.7(1.1) .71[.68,.75] -.07
P14 2.4 (1.0) .70 [.66,.74] -.06
P15 2.6 (0.9) IOt = 48 @
P16 2.5 (1.0) .67 [.64,.71] -.05
P17 2.5(1.0) 11Ocrit= 94 @
P18 2.5 (1.0) 71[.67,.74] -.01
P19 2.5 (1.0) .64.[.60,.68] -.05
P20 2.1(11) .61[.57,.66] .00
P21 2.4 (1.1) .65 [.60,.69] -.07
P22 2.3(1.1) .64.[.60,.69] -.06
PL/ 2.5(1.1) .58 [.53, .64] -.09
H[95%CI] 0.66 [0.62, 0.69] -.05

Note: all items showed no violations of monotonicity assumption (crit = 0)
®-@Ttem removal order
DIF — Differential item functioning; us — unscalable item; I10 — Invariant Item Ordering
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Table 13. Mokken Scaling Analysis (MSA) abbreviated results for the Emotional Regulation scale of the PPLA-Q; n = 482

DIF

Label Mean (SD) Confirmatory MSA Nfemate = 285 / Nimale= Exploratory MSA (AISP + GA) — ¢ = .45
197

Removed items Final Hi[95%CI] AH; Cluster 1 Cluster 2

P23 2.4 (1.0) .56 [.50,.62] .08 .56 [.50,.62]

P24 2.9 (0.8) us:.31[.23,.38] @ - .66 [.60,.72]

P25 2.9 (0.9) .57[.51,.63] .02 .57(.51,.63]

P26 2.8 (0.8) us: .26 [.18,.34] @ - 71[.66,.77]

P27 2.7(0.8) us: .28 [.20,.35] @ - .69 [.63,.75]

P28 2.7(0.9) .58 [.52,.64] .05 .58 [.52,.64]

P29 2.2(0.9) .51[.45,.57] .01 51[.45,.57]

P30 2.6 (0.9) .57[.52,.62] .00 .57(.52,.62]

P31 2.5(0.9) .61[.57,.66] .08 .61[.57,.66]

P32 2.4 (1.0) .64.[.60,.69] .07 .64.[.60,.69]

P45 1.9 (1.1) us: .21[.15,.28] @ - us

H[95%CI] .58 [.53,.62] .05 .58 [.53,.62] .69 [.63,.74])

Note: all items showed no violations of monotonicity assumption (crit = 0)
W-@Item removal order; * intersecting 95% confidence intervals
DIF — Differential item functioning; us — unscalable item
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Table 14. Mokken Scaling Analysis (IMSA) abbreviated results for the Physical Regulation scale of the PPLA-Q; n = 485

DIF
Confirmatory MSA Nfemale = 288 / Nmate= Exploratory MSA (AISP) — ¢ = .45!
Label Mean (SD) 197
Removed items Final Hi[95%CI] AH; Reig:lﬁ:lsed Cluster 1 Cluster 2

P33 2.7(0.8) 46 [.40,.52] -13 .53 (.47, .59]
P34 3.3(0.7) us: .31[.24, 391 - PLZ?;Z)(W“
P35 3.3(0.8) 46 [.40,.53] -.23% .62 [.55,.69]
P36 3.2 (0.8) .45 (.38, .51] -.16 .57 (.51, .64]
P37 2.8 (0.9) 411[.35,.47] -12 .50 [.42,.58]
P38 3.0(0.8) 49 [.43, .55] -.16 .56 [.50, .63]
P39 2.3(1.0) .52 [.47,.57] -.20* .57[.52,.63]
P40 2.4 (1.0) PLDpsy (W,-7.81) @ - us
P41 2(0.9) 46 (.40, .51] -.20% .58[.53,.64]
P42 2.9 (1.0) 42[.36,.48] -14 .54 [.48, .591]
P46 2.5 (1.0) PLDpsy (W, - 7.10) @ - .56 [.50, .61]

H[95%CI] 46 [.41,.50] -17* .56 [.50, .62] .56 [.51,.60]

Note: all items showed no violations of monotonicity assumption (crit = 0)
-G Item removal order; *intersecting 95% confidence intervals
DIF — Differential item functioning; us — unscalable item; PLD\ — positive local dependence (subscripted item pair)

Table 15. Mokken Scaling Analysis (MSA) abbreviated results for the Culture scale of the
PPLA-Q; 1 = 490

DIF
Mean (SD) Confirmatory MSA Nfemate = 288 / Nmaie= 202
Label
Removed items Final Hi[95%CI] AH;
S1 2.5 (1.0) PLDs;(W: - 14.49) ® -
S2 1.6 (1.3) .55 [.50,.60] -.02
S3 2.2(1.1) .56 [.50,.61] -.03
St 3.0 (1.1) us: .35 [.28,.41]1®
S5 2.4 (1.2) .66[.63,.70] 00
S6 2.5(1.3) .67[.64,.71] -.02
S7 2.0 (1.1) .64[.60,.69] -.03
S8 1.6 (1.3) .65 [.60,.69] .01
S9 1.4 (1.2) .63[.59,.68] -.04
S40 1.3(1.2) us: .23 [.17,.30]®
H[95%CI] .62[.59,.66] -.02

Note: all items showed no violations of monotonicity assumption (crit = 0)

®-®Ttem removal order

DIF — Differential item functioning; us — unscalable item; PLDy — positive local dependence
(subscripted item pair)
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Table 16. Mokken Scaling Analysis (MSA) abbreviated results for the Ethics scale of the PPLA-Q; n = 473

) DIF
Label Mean (SD) Confirmatory MSA Dienate = 280 / Thmae= 193
Removed items Final Hi[95%CI] AH;
S12. 2.4 (0.7) .49 (.42, .56] .09
S13 3.4(0.7) .50 [.43,.57] -.02
S14, 3.4(0.7) .52 (.46, .59] .00
S15 3.3(0.9) us: .27 [.19,.35] @
S16 3.2 (0.8) IIO0crit = 71 ©
S17 3.4(0.7) .59 [.53,.64] .05
S18 3.5(0.7) PLDsx (W - 8.00)®
S19 2.9 (1.0) .53 [.46,.59] -.01
S20 3.2(0.7) PLDsi, (Wi 4.74) @
S21 3.2 (0.8) .62[.57,.67] .02
S22 2.7(0.9) PLDsiy (W= 7.91)®
S41 1.9 (1.1) us: .21 [.14, .27]®
H[95%CI] 54 (.49, .59] .02

Note: all items showed no violations of monotonicity assumption (crit = 0)
®-G]tem removal order
DIF — Differential item functioning; us — unscalable item; PLDy — positive local dependence (subscripted item pair)

Table 17. Mokken Scaling Analysis (MSA) abbreviated results for the Collaboration
scale of the PPLA-Q; n = 490

X DIF
Label Mean (SD) Confirmatory MSA Nfemale = 290 / Nimale = 200
Removed items Final Hi[95%CI] AH;
S23 3.3(0.7) 0.66 [0.60, 0.71] .06
S24 3.2(0.7) 0.59 [0.52, 0.65] .0/
S25 3.1(0.7) 110 =82 ¥
S26 3.5(0.6) 0.69[0.63,0.75] 15
S27 3.4(0.6) 0.71[0.67, 0.76] .10
S28 3.1(0.8) 0.62[0.56, 0.67] .08
S29 3.0(0.9) PLDs2o (Wi 2.47) @
S30 3.0(0.8) 0.62[0.57,0.68] A1
PLDs,s (W - 3.01) and
$31 31(0.7) PLDsx; (Wi- 3.46) @
S42 2.0 (1.1) us: .18 [.10, .25]®
H[95%CI] .64.[.60,.69] .09

Note: all items showed no violations of monotonicity assumption (crit = 0)

W-@I1tem removal order

DIF — Differential item functioning; us — unscalable item; PLDx — positive local dependence
(subscripted item pair); I10 — invariant item ordering
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Table 18. Mokken Scaling Analysis (MSA) abbreviated results for the Relationships scale of
the PPLA-Q; n = 482

. DIF
Label Mean (SD) Confirmatory MSA Nfemate = 283 / Nimatle= 199
Removed items Final Hi[95%CI] AH;
S32 3.2(0.7) .64 (.59, .70] -.02
S33 3.1(0.8) .66 [.61,.71] .04
S34 2.8 (0.9) ( ) and .55 (.48, .61] .08
PLDs3, (W= 5.23) an
535 2.7(0.9) PLDsss (Wi- 4.52) @
S36 2.8(0.9) .61[.55,.67] .03
S37 2.9 (0.9) .64[.59,.69] .03
S38 2.6 (0.9) .58 [.52,.64] -.01
S39 2.9 (1.0) PLDs;; (W, - 8.31)@
S43 2.0 (1.1) us: .31[.23,.38]®
H[95%CI] .61[.57,.66] .02

Note: all items showed no violations of monotonicity assumption (crit = 0)

®-®Ttem removal order

DIF — Differential item functioning; us — unscalable item; PLD\ — positive local dependence
(subscripted item pair)

79



Portuguese Physical Literacy Assessment (PPLA)

Emotional Regulation

The clustering pattern observed in the Emotional Regulation scale in items P24, P26
and P27 led us to perform the exploratory procedure. At c = .30, the results differed
in both algorithms: while the AISP algorithm pointed to clustering of P24, P26 and
P27, the GA algorithm kept the whole scale intact — in both cases P45 was unscalable.
At ¢ = .40, both algorithms returned the same results, clustering these 3 items. The
two clusters form strong Mokken scales — Cluster 1 (H = .58, HT = .19), Cluster 2 (H =
.69, HT = .08) — conforming with the DMM (Table 13). While Cluster 1 is equivalent
to the final a priori scale for this element, the Cluster 2 is formed by items assessing
whether the student can recognize and identify emotions in others, during the

practice of PA.

Physical Regulation

During confirmatory analysis of the Physical Requlation scale, 6 out of 8 items
revealed a pattern of lowly scalable item (with H; around .40); as such, we chose to
further study its dimensionality. Until c=.40, both algorithms suggested a single
cluster of items, beyond that point, clustering patterns differed among algorithms,
with the AISP ¢ = .45 solution approaching the a priori (Foundation difficulty) pattern
of items - P40 as unscalable. For its interpretability, this last solution was used for
confirmatory analysis: both clusters formed strong Mokken scales, conforming to
the DMM — Cluster 1 (H = .56, H* = .20), Cluster 2 (H= .56, H" = .30) — after removal
of a PLD pair (Table 14).

Measurement invariance

To assess whether items presented differential item functioning (DIF) according to
sex, we calculated scalability coefficients — both item and total — for each final scale.
Items P5 (“I feel pressured by others to practice PA"), S26 (“ I respect others’), S27 (“I
cooperate with others”), S30 (“I help others achieve success”) presented a difference in
item scalability (i.e., DIF) according to sex (H; difference >.10; Table 11 - 18, column
4) — P5 with higher scalability for males, and the others with higher scalability for
females — however all these were not statistically significant (p > .05; i.e., their 95%
confidence interval overlap) and produced no appreciable effect on total scalability
(H difference <.10; no DTF).
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The Physical Regulation scale showed slight to moderate differences in item
scalability (DIF) in all its items (ranging from .12 to .23) with statistically significant
differences in items P35 (“I can recognize changes in my breathing”), P39 (“I use
strategies to manage my effort”) and P41 (“I can control my fatigue”); resulting in a
statistically significant difference in total scalability (H difference = .17; DTF) and
borderline total scalability for females (H = 0.38 [0.32, 0.43]). To further investigate
these differences, we calculated reliability coefficients for both subsamples (not

shown in tables): female (p = .81, a = .79) and male (p = .89, a = .88).

Reliability

Test-score reliability

Table 19, columns 4 and 5, sums up the reliability coefficients for the final scales. p
estimates ranged from .83 to .94, above the recommended cut-off of .80. Similarly,

a coefficients were like rho, and all above .80 as well (ranging from .83 to .91).

Test-retest reliability

The Motivation, Confidence, and Culture scales showed good to excellent reliability
(ICCys%ci lower bound ranging from .72 to .87, and upper bound from .89 to .95; Table
19, column, 6); while the remaining scales showed moderate to good reliability.
Mean scores were stable across time points, with slight decreases in four of the eight

scales (Table 19, columns 7 and 8).

Discriminant and convergent validity

Estimated disattenuated correlations among scales-scores within the Psychological
domain ranged from .31to .83 (Table 20Table 20). Of these, Emotional Requlation was
the lowest common correlate. Motivation and Confidence correlated above the .85
threshold (upper CI bound), showing higher correlation than warranted for two
theoretically distinct scales. Estimated disattenuated correlations within the Social
module ranged from .21 to .69 (Table 20Table 20). Of these, Culture was the lowest
common correlate; with other scales correlating moderately to strongly.
Correlations across domains were low, except for Culture and Relationships, which
showed moderate disattenuated correlations with scale-scores in the Psychological

domain.
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Table 19. Scalability, Invariant Ordering, and Reliability indexes for the Psychological and Social modules of PPLA

Dimensionality Reliability
Test-Retest
Test-score 15-day interval
Subscale — number of items Scalability Invariant Item Ordering N=73
H [95% CI] H' (item ordering) _ Mean Scores
Néglennar Cronbach’s a ICC..[95%CI]? Me.a n Scot;es Retest
ijtsma p Baseline [95%CI] [95%ClI]
Psychological
TP 33 19.0 [18.1,
Motivation — 7 items 471.43, .51] (P5, P8, P2, P1, P7, P43, P11) .83 .83 .82[.72,.89] 19.8 [18.7, 20.9] 20.0]

. . .08 22.2[20.6,
Confidence — 9 items .66 [.62,.69] (P13, P17, P44, P16, P19, P14, P21, P22, P20) .94 .93 .92[.87,.95] 22.2[20.6,23.8] 23.8]

. . . 1
Emotional Regulation - 7 items .58 [.53,.62] (P25, P28, P30 P391 P23, P32, P29) .90 .88 .77 .66, .85] 17.5[16.3,18.6] 17.6 [16.5,18.7]

) ) ) ) ) )

. . . 4 21.7 [20.
Physical Regulation — 8 items .46 [.41,.50] (P35, P36, P38, Pz,zlf P37, P33, P39, P/1) .84 .84 .66 [.51,.771] 22.3[21.2,23.4] 32[.7? 6,
Social

. 32 14.4[12.8,
Culture — 7 items .62[.59,.66] (S6, S5, $3, S7, S2., S8, S9) .91 .91 .88(.82,.92] 14.0 [12.6, 15.5] 16.0]
) ) ) ) ) ) o
e .52
Ethics — 6 items .54.[.49,.59] (S13, S14, $17, $21, S22, S12) .86 .85 .71[.58, .81] 18.7[18.0,19.5] 19.1[18.4,19.8]
Collaboration — 6 items .64[.60,.69] (826, S27 82;224 $28, $30) .88 .87 .70 [.56, .80] 19.4 [18.6,20.1] 18.8 [18.1,19.5]
) ) ) ) )
Relationships — 6 items .61[.57,.66] 22 .88 .88 .68[.53,.78] 17.0[16.1,17.9] 16.4 [15.5,17.3]

(832, 833, 837, 536, S34, S38)

ICC - Intraclass Correlation Coefficient

'Invariant Item Ordering method used was Manifest Item Invariant Ordering (Ligtvoet et al., 2011)

*Intraclass Correlation formula 2.1 — two-way mixed effects model accounting for single measurement (Koo & Li, 2016)
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Psychological domain

Social domain

Scale
1. 2. 3. 4. 5. 6. 7. 8.
L Motivation .83[.77,.871 .31[.22,.42] .61[.53,.70] 54, [.46, 27[17,37]  26[15,.36] .42[.32,.51]
. .62]
) 731.69, 47137, 65 .54, 50043,  22013,.31]  22[12,31] .45[36,.53]
2. Confidence 77] 54] .69] .60]
3. Emotional 27019,  .43[.35,.51] 49 (.38, 18[.08,.27] .26 [.15,.37] 19 [.09, 22 [12,.33]
Regulation .36] .54] 28]
phvsical 51[.44, 5750, 431[.35, 44 (.35, £4210.31,.51]  37[.27,.48] 46 (.37,
Regulation 58] 64] %] 53] 541
47(0.39 46.38, 16[.07,.25]  .39[.31,46] 21[10,.29]  .23[.14,.32] 36 [.26,
5. Culture 54] 53] .45]
. 23 [14, .20[.10,.29]  .23[.14,.31] .36 [.28, 18 [.10,.27] 74 (.64, .52 [.42,
6. Ethics 31 44) 77 591
. 2214, .20[.11,.29] a7[.08,.26] .32[.23,.39] .20[.11,.29] .64 (.58, .69 [.60,
7. Collaboration 31] .70] .731
8. Relationships 364[1;?8’ Al 48120l 28] .404[7?2’ i ol A orsk o

Note: Raw bivariate correlation below diagonal, disattenuated correlations above diagonal

Discussion

This study sought to establish evidence for construct validity and reliability of the
psychological and social modules of the PPLA-Q in grade 10 to 12 (15-18 years)
adolescents through investigation of their dimensionality, measurement invariance

and reliability (total-score and test-retest).

Dimensionality

We used Mokken Scale Analysis (MSA) to gather evidence on the dimensionality of
each of the eight scales composing the psychological and social modules of the
PPLA-Q. Most local dependencies occurred within items initially designed for the
same difficulty (i.e., Foundation or Mastery), within the same specific trait (e.g., P9
and P11 with the same motivational regulation) or with similar wording. This was
expected since scale development ensured a desirable degree of redundancy

(DeVellis, 2017).

All eight scales, after removal of offending items, adhered to the assumptions of the
MHM (scalability, local independence, and monotonicity), with total scale
scalability coefficients estimates (H) ranging from .46 to .62 — thus evaluated as
moderate to strong scales. This values support the convergent validity (at item-
level) of each scale (Sijtsma et al., 2011). Sum scores of items in these scales can, as
such, be considered a sufficient indicator of the position in latent trait of each

individual (Wind, 2017).

For all eight scales, the additional invariant item ordering (II0) assumption held —

assessed through the method of Manifest I10 (Ligtvoet et al., 2010) — as such, they
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adhered to the DMM. This evidence supports the interpretation that an invariant
order of items’ difficulty can be established across different ranges of development,
for all students, in the respective constructs (Wind, 2017), as warranted in the initial
development of these scales. However, four of these scales had a H” coefficient lower
than .30 (Confidence, Emotional Regulation, Collaboration and Relationships),
meaning that their IRF are too close together and that respondents might find
difficult to distinguish between neighbor item, in difficulty terms (Sijtsma et al.,
2011). Albeit still presenting an overall valid assessment of the position of a student
(and items) on a continuum of difficulty, no specific use of this ordering (e.g.,
application of scales from an estimated difficulty point onwards) is recommended

for these four scales.

For the Motivation scale, items generally formed a difficulty continuum from
controlled to more autonomous forms of motivation (Table 19) with weak accuracy
(H' =.33). Despite this, the continuum found does not entirely adhere to the posited
order of the Organism Integration mini-theory of Self-Determination Theory
regulations (Ryan & Deci, 2017): P8 (“I feel good when I practice PA”), developed to
assess intrinsically regulated motivation was deemed easier (i.e., higher mean
score) than P2—targeting externally regulated motivation at the diametrical side of
the theoretical continuum. We argue that this might be due to the wording of P8
targeting a general well-being perception, which makes it easier to endorse that the
more targeted expressions of intrinsic motivation like pleasure or satisfaction. As
such, we recommend rewriting this item so that it more closely adheres to expected
difficulty range. Similarly, P7 (developed to assess intrinsically regulated
motivation, mean = 2.6) and P11 (integrated regulation, mean = 2.2) switched places,
as the first is usually expected to be the most autonomous form of motivational
regulation. This result agrees with previous results of bifactor modelling suggesting
(Howard et al., 2016) that these two regulations might be closely placed in the
continuum. To the intended application of the scale, however, this switch might

have little consequence, as we discuss in the next paragraphs.

For the Physical Requlation scale, items formed a moderate accurate (H®= .41)
continuum from identifying physiological signs of effort and awareness of physical
limits to using strategies to manage effort during PA, adhering to the a priori

expectations. P42 (“I take action to improve my physical skills”, mean = 2.9) wording
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might need to be adjusted in the future, as it appears to be interpreted as identical
difficulty-wise as P37 (“I recognize my physical limits”, mean = 2.8) — as evidenced by
near-touching IRF — as both were to have different difficulties by design (i.e., P42

developmentally more complex than P37).

For the Culture scale, items formed a weakly accurate (H'= .32) continuum from
participation in the movement culture through use of specific PA terminology, to
endorsing and encouraging others to so as well. Albeit designed to be among the
easier items in this scale, S2 (“I participate in PA rituals (e.g., greetings, hymns/chants,
cheers, applauses”) figured, difficulty-wise, among the harder items in this scale;
this might result from a misunderstanding regarding the concept of what “rituals”
in a movement context truly mean, despite examples being provided in the item, as
such, this item might merit further scrutiny in the future. Also, S6 (“I like to keep up
with PA events (e.g., competitions, spectacles, shows)”) wording might also be refined,
to differentiate itself from S5 (“I watch PA events (e.g., competitions, spectacles,

shows)”) in terms of difficulty.

For the Ethics scale, items formed a strongly accurate (H'= .51) continuum from
immature forms (i.e., pragmatic) to mature forms (i.e., value-based) of moral
development , adhering to the a priori development expectations based on Gibbs

(2014)’s model.

Items developed to figure as global items (P1, P13, P23, P33, S1, S12, S23, S32) - to act
as convergent validity indicators in future analysis (Cheah et al., 2018) — showed
adequate scalability in all scales, strengthening the evidence for their convergent
validity, as these were developed to generally represent each latent construct. Only
in the Culture scale was one of these items (S1) flagged for local dependence — likely
due to similar wording — and removed. Difficulty-wise, in scales with interpretable
I10 (H' > 30), these global items figured in the middle-upper range of the difficulty
continuum (i.e., lower mean score); this was to be expected, as these were based on
the operational definition of each element (Mota et al.,, 2021) stating the
development of each skill/construct in its final stages. Nonetheless, the usefulness
of these items should be further examined (i.e., whether they are invaluable for scale

scalability and validity), since their removal might result in a slight increase in
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feasibility in subsequent applications of this questionnaire, with no content

representation trade-off.

Item developed to assess Relational Thinking, the highest development stage in the
Structure of Observed Learning Outcomes taxonomy (Biggs & Collis, 1982) — items
P43-P46, S40-S44 — did not fit the tested models, either for being unscalable or for
being in local dependence pairs, except those in the Motivation and Confidence
scales. This might be due to: 1) endorsement of these items being highly dependent
on the capacity of the student to draw a connection between his actual psychological
and social skills in PA to their application in other contexts (e.g., being able to apply
emotional regulation strategies developed or recurrently applied in PA contexts, to
daily stressing occurrences), which might represent a different skill altogether; 2)
the wording might not be clear enough to capture this phenomena among
adolescents. As such, further efforts should be done to refine these items, and
subsequently analyze their dimensionality — either as part of each of the scales, or

as a separate latent trait by itself.

Additional exploration of the dimensionality of the Motivation, Emotional Requlation
and Physical Regulation scales — using the Automated Item Selection Procedures
(AISP) and Genetic Algorithms (GA) at lower-bound c = .45) — revealed an
alternative cluster structure for these scales. Generally, at lower ¢ values, these
algorithms captured the higher-level constructs (i.e., unidimensional elements),
while increasingly higher c values retrieved the lower-level constructs (i.e.,
foundation and mastery levels) and even specific subtraits within these (Straat et al.,
2013). The clustering pattern of the Motivation scale throughout different lower-
bound ¢ values is coherent with previous research that posit that different
motivational regulations differ not only in degree, but also in kind (Howard et al.,
2020), with a general underlying continuum structure (Howard et al., 2016). Here,
introjected regulation items were the exception, as they tended to cluster away from
the remaining items at lower c values. These results, along with the clustering of
autonomous regulations are coherent with previous results with adolescents

(Navarro et al., 2021; Vasconcellos et al., 2019).

For the Emotional Regulation scale, clustering patterns suggested that identification

of emotions in themselves and in others might be two different skills, although we
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initially equated them as part of the same continuum. Finally, the Physical Regulation
results conform with the interpretation of a continuum underlying the development
of all its skills, with two strong lower-level clusters of dimensionality, coherent with
the a priori construction of Foundation and Mastery levels. Although these alternative
dimensionality structures could be supported for these scales, we recommend their
use as single scales within the PPLA framework as their total scalability coefficients
evidence enough unidimensionality to locate an individual in each of these latent
traits. Other research applications (e.g., theory development) might benefit from

use and exploration of these alternative structures.

Regarding IIO, refinements to item’s difficulty in scales with below standard, or
borderline IIO accuracy (HT = .30) are warranted to better target different
development stages across each construct. Use of parametric IRT models might
support this effort, although their restrictive assumptions regarding item response

functions’ shape might not fit those observed in this study.

For ease of interpretation and comparability between scales, we recommend that
scores on this scale be transformed into a 0-100 metric using the maximum possible
number of summed points as upper bound. Since scales have mostly a balanced
number of items designed to measure Foundational, and Mastery skills, a middle
point score (50%) can be used as a heuristic cut-score to identify students

transitioning into a deeper phase of learning.

Measurement Invariance

DIF and DTF analysis results suggest that all scales function similarly in male and
female adolescents, except for the Physical Regulation scale which has shown
evidence of a sex bias, despite obtaining borderline total scalability and acceptable
reliability for females. This sex bias might stem from a different interpretation of
these items (relating to concepts of physical signs and fatigue during PA). As such,
we advise caution on the interpretation and comparison of between-sexes score
differences in this scale. Since previous literature in this construct is sparse, further
investigation and refinement of this construct and items is recommended through
complementary quantitative (e.g., Logistic Regression/ parametric Item Response

Theory; Choi et al., 2011) and qualitative methodologies.
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Reliability

All scales have shown evidence of adequate test-score reliability, further supporting
the use of a total sum-score. These estimates were, as expected, an improvement
upon those obtained during the pilot phase (Mota et al., 2021), where 37% of scales

failed to reach adequate reliability.

Intraclass Correlation Coefficient (ICC) results also drew evidence of moderate to
excellent test-retest reliability of the scales. Since sample mean scores were stable,
variation across time points might have been due to individual differences, a
plausible consequence of lockdown and school closure in Portugal — concurrent with
data collection — especially in constructs related with social interactions (Ethics,
Collaboration, and Relationships), likely hampered during this period. Despite
evidence of scale adequacy for drawing evidence of reliable change in constructs
over time, further research using IRT methods (e.g., growth models) in a setting

outside COVID-19 impositions might reinforce these findings.

Discriminant and convergent validity

Disattenuated bivariate correlation suggested that the Motivation and Confidence
scales might not show adequate discriminant validity (upper bound bordering on
the usual .85 guideline; Brown, 2015), and thus might be measuring the same
construct. However, previous research has identified a moderate to strong
correlation between similar constructs (r = .64; Sweet et al., 2012), not differing
much from the our estimated raw correlation. As such, these findings should
tentatively bear on further studies, since disattenuated correlations might over
inflate estimates (Murphy & Davidshofer, 2005). More robust interpretations would
also be possible through integration of these scales as indicators of a higher-order
latent variable along with other Psychological scales, as generally posited in our
PPLA model (Mota et al., 2021). Refinement of items as previously suggested and
further replications might also shed light on this correlation, evaluating the

tenability of collapsing these scales to improve feasibility of the questionnaire.

Correlations among the Relationships scale-score and both Confidence and
Motivation were coherent in magnitude with those observed in previous studies
(Sweet et al., 2012), providing support for convergent validity of these scales, which

measure constructs akin to Perceived Relatedness and Perceived Competence - core
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psychological needs of SDT (Ryan & Deci, 2017). Similarly, the Collaboration —
Motivation correlation was also supported by similar previous results (W. Li et al.,
2008). These results, along with low to moderate correlations among constructs in
different domains provide support for convergent and discriminant validity of these
scales. This assertion could also be further supported by integrated higher-order

modelling in next phases of validation of PPLA.

Strengths and limitations

This study builds on the preliminary reliability evidence collected during pilot
testing of the PPLA-Q_(Mota et al., 2021) to refine the quality of the scales of its
psychological and social modules. For this, we used MSA, a non-parametric scaling
technique that models these scales using a cumulative model, allowing items to
differ in their difficulty along a latent trait — providing an improvement over CTT
models used in linear factor analysis (van Schuur, 2003) . This conception closely
aligns with the a priori specification of an underlying learning continuum with
multiple stages. The resulting scales from this study can be feasibly applied in a PE
context, since their score can be derived via summing (i.e., sum-score), to provide

an assessment of the students’ position on each of these skills.

Despite the pandemic context imposed by COVID-19, we managed to recruit a
diverse sample, closely mimicking the relative composition of grade 10 to 12
students’ population in Portugal according to both grade and course major.
Nonetheless, given its convenience nature, some caution should be used when
generalizing findings of this study, without further evidence of its adequacy in other
contexts. Also, further test-retest reliability with a more diverse sample, under
stabler circumstances and, preferably using IRT-based procedures should preclude

any interpretation of changes over time based on these scales.

Also, despite being a useful and powerful method with increasing traction in
instrument development, we acknowledge reports of the limited value of MSA for
assessing dimensionality (Smits et al., 2012); as such, complementary methods for

assessing dimensionality could be further employed in the future.

Conclusions

We have shown evidence in support of the dimensionality, convergent and

discriminant validity, and reliability (test-score and test-retest) of the eight scales
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of the psychological and social modules of the PPLA-Q, resultant of refinement
through Mokken Scale Analysis; as such, sum of all final items in each scale
(Additional File 4) can be used as an indicator of each latent construct. Further
refinement to wording of items is warranted to increase the accuracy of the difficulty
ordering within each scale, and discriminant validity of the Motivation and
Confidence scales. We identified differential item and test functioning across sexes
in one of the scales (Physical Regulation), which should be further scrutinized before
any between-sexes comparisons are made on this construct, while all other scales
have obtained evidence in support of their measurement invariance. These scales
can be integrated into the PPLA framework and used to provide a feasible and
integrated assessment of the individual journey of each grade 10-12 (15-18 years)

student in Portuguese PE.
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Abstract

Background: Aims of this study were to assess construct validity (dimensionality
and measurement invariance) and reliability of the previously developed Cognitive
module of the Portuguese Physical Literacy Assessment — Questionnaire (PPLA-Q).
Secondary aims were to assess whether using distractor information was useful for
higher precision, and whether a total sum-score has enough precision for applied

PE settings.

Methods: Parametric Item Response Theory (IRT) models were estimated using a
final sample of 508 Portuguese adolescents (M= 16, SD = 1 years) studying in
public schools in Lisbon. A retest subsample of 73 students, collected 15 days after
baseline, was used to calculate Intraclass Correlation Coefficient (ICC) and

Svenson’s ordinal paired agreement.

Results: A mixed 2-parameter nested logit + graded response model provided the
best fit to the data, C2 (21) = 23.92, p = .21; CFI = .98; RMSEA(,= .017 [0,.043] with no
misfitting items. Modelling distractor information provided an increase in available
information and thus, reliability. There was evidence of differential item
functioning in one item in favor of male students, however it did not translate in
statistically significant differences at test level (sDTF = -0.06; sDTF% = -0.14).
Average score reliability was low (marginal reliability= .60); while adequate
reliability was attained in the -2 to -1 6 range. ICC results suggest poor to moderate
test-retest reliability (ICC = .56, [.38, .70]); while Svenson’s method resulted in 6
out of 10 items with acceptable agreement (>.70), and 4 remaining items revealing
a small individual variability across time points. We found a high correlation (r = .91

[.90,.93]) among sum-score and scores derived from calibrated mixed model.

Conclusions: Evidence supports the construct validity of the cognitive module of the
PPLA-Q_ to assess Content Knowledge in the Portuguese PE context for grade 10-12
(15-18 years) adolescents. This test attainted acceptable reliability for
distinguishing student with transitional knowledge (between Foundation and
Mastery), with further revisions needed to target full spectrum of 6. Its sum-score
might be used in applied settings to get a quick overview of student’s knowledge; for
precision IRT score is recommended. Further scrutiny of test-retest reliability is

warranted in future research, along with the use of 3-parameter logistic models.
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Keywords: physical literacy, assessment, physical education, construct validity,
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Background

Physical literacy corresponds to the skills and attributes that individuals
demonstrate through physical activity (PA) and movement throughout their lives,
enabling them to lead healthy and meaningful lifestyles (Physical Literacy for Life,
2021). Itis a key competence that can be developed during quality physical education
(PE) (UNESCO, 2015). Despite the wide array of specific definitions available in the
literature (L. Edwards, Bryant, Keegan, Morgan, & Jones, 2017; Martins et al., 2020),
all integrate a reference to some form of knowledge and understanding (Whitehead,
2010) or content knowledge (Sport Australia, 2019). Similarly, learning outcomes
related to knowledge pertaining to PA and movement contexts are imbued into the
PE curriculum of many countries (e.g., Society of Health and Physical Educators
(SHAPE) America, 2014), including Portugal (Ministério da Educacdo [Ministry of
Education], 2001, 2018).

Relevancy of this knowledge is backed by evidence of positive association of
knowledge of PA guidelines (World Health Organization, 2010, 2020) and health
benefits, with PA participation (Abula et al., 2018; Haase et al., 2004), and physical
fitness (Vaara et al., 2019). Similarly, awareness of health risks related to inactivity
might predict PA participation in adults (Fredriksson et al., 2018) and adolescents
(Xu et al., 2017). Despite the posited benefits and inclusion in the PE syllabus,
knowledge of these contents in Portugal is suggested to be low: both in school-age

students (Marques et al., 2015) and young adults (Martins, Cabral, et al., 2019).

Few options exist to assess this type of knowledge in an integrated manner within a
PL framework (Essiet et al., 2021; Shearer et al., 2021), and to our knowledge none
exists for its direct measurement in adolescents. For this purpose, we previously
developed the cognitive module of the Portuguese Physical Literacy Assessment —
Questionnaire (PPLA-Q; Mota et al., 2021), part of the larger PPLA framework
designed to assess PL in Portuguese PE for adolescents aged 15-18 (grade 10-12).
This module is a test inspired by the Australian PL Framework (Sport Australia,
2019) element of Content Knowledge and is directly tied to the outcomes of the

Portuguese PE syllabus. Previous work has been done on its preliminary validity and
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reliability testing (Mota et al., 2021), but gathering of robust evidence supporting its
construct validity and reliability is needed before its scores are used for its intended
use of informing teacher’s practice, and provide feedback to students (American
Educational Research Association et al., 2014). Within the educational arena, two
main theories of assessment can be used for this purpose: Classical Test Theory
(CTT) and Item Response Theory (IRT).

Among the differences, widely documented elsewhere (DeMars, 2010; Embretson &
Reise, 2000; Hambleton et al., 1991), IRT: a) explicitly models the interaction
between the item characteristics (e.g., difficulty, discrimination and guessing) and
a person’s latent variable (denoted by the Greek letter theta; 6) (Meijer & Tendeiro,
2018); allowing the estimation of essentially sample-independent parameters to
evaluate item quality; b) opens the possibility to analyze test information (and thus
reliability) at different 6 ranges (Hambleton et al., 2010), which differs from the
usual CTT view of a general summary of reliability (e.g., Cronbach’s alpha, or
McDonald’s omega) for all levels across 8; c) allows the use of mixed-format tests
(e.g., tests composed of both single and multiple selection items), with no
unbalanced impact upon tests scores (Embretson & Reise, 2000); d) offers models

to perform robust analysis of distractors in tests (e.g., R. Bock, 1972).

Recent studies have also used this family of procedures to model information
contained in incorrect responses to increase the precision of measurement (Smith
et al., 2020; Storme et al., 2019) by using models that were explicitly designed to
acknowledge a cognitive response process with two-stages: nested logit models
(NLM,; Suh & Bolt, 2010).

This study is part of a series of studies to gather evidence in support of validity and
reliability of the PPLA (Mota et al.,, 2021, 2022c) — a tool composed of two
instruments, the PPLA-Q, and the PPLA — Observation tool (in development). In it,
we sought to gather evidence to support construct validity (internal structure and
measurement invariance across sexes) and reliability (score reliability and test-
retest) of the cognitive module of the PPLA-Q (Content Knowledge test) through the
lens of IRT. Secondary aims of this study were to assess a) whether modelling data

from distractors posed an advantage in locating students in the latent continuum,;
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b) whether the sum-score possessed enough accuracy for practical-oriented

settings.

Methods

Since this study was part of a larger validation project for the PPLA, it used the same
baseline and retest samples, and data collection procedures as those detailed in
PPLA-Q previous study (Mota et al., 2022c). As such, in the interest of parsimony,

we describe only the essential details.

Participants

Main study (baseline)

The main study used a convenience sample of 521 grade 10-12 students from 6 public
schools in the metropolitan Lisbon area. Recruitment was stratified by grade, and
major; diversity of socioeconomic backgrounds was used as a secondary criterion. 13
students missed class on data collection day and were excluded from this analysis.
The final sample (N=508) was 59% composed of female students (Mag= 16, SD =1

years).

Retest study phase

A subsample of 73 students was used for retest application, 56% female, mean age
16 (1) years. This number was based on a minimum sample size of 64 participants
derived from power analysis (Arifin, 2020) for an expected Intraclass Correlation
Coefficient (ICC) of .80, with .10 precision in its 95% confidence interval (Bonett,
2002), adding in a 20% margin for attrition. Given the time frame of the project and
COVID-19 constraints, all participants were from grade 11 of the same school and

major (Science, Technology, Engineering and Math).

Measures

The cognitive module of the PPLA-Q_ is part of a questionnaire developed to assess
the psychological, social and part of the cognitive domains of Physical Literacy,
inspired by the Australian Physical Literacy Framework (Sport Australia, 2019) and
the Portuguese PE syllabus. A previous content validity study resulted in Scale-
Content Validity Indexes of .87 (average) and .60 (universal agreement), as
evaluated by experts; and highlighted adequate cognitive elicitation of students

(Motaetal., 2021). This module measures content knowledge in physical activity and

96



Portuguese Physical Literacy Assessment (PPLA)

movement settings and was comprised of 10 items: 7 single selection questions, 2
multiple selection questions, and a close-type question; these items are subdivided
into 5 different themes, with 2 items each (one designed to assess lower,
foundational knowledge, the other designed to assess deeper knowledge

application; Table 21).

Procedures

Main study (baseline)

PPLA-Q(version 0.6; available in Mota et al., 2021) was self-administered during PE
classes from January to March 2021. Due to COVID-19 lockdown, two different data
collection formats were used: initially, 3 classes (n=60) filled out the questionnaire
in paper format — using two different mirrored versions of the test to reduce
cheating — while the remaining 22 classes completed an online version in
LimeSurvey (LimeSurvey GmbH, 2021). We used a standard initial instruction to
inform participants about the questionnaire’s goals, its anonymity and encourage
them to provide their best effort. Mean completion time (n= 452) for the cognitive

module was 8.6 (2.8) minutes.

Retest study phase
The two application of PPLA-Q were spaced 15 days apart to reduce carryover effects
(Nunnaly & Bernstein, 1994). Data collection procedures were equal. Mean

completion time (n=73) for the cognitive module was 6 (1.7) minutes.

Analysis

All statistical analysis used RStudio 1.4.1106 (RStudio Team, 2020), with R 4.0.1(R
Core Team, 2020). We had marginal missing data (< 1%) in each item (Table 21,
column, 3). Prior to parametric IRT analysis, two datasets were derived: 1) answers
coded as dichotomous (i.e., correct, or incorrect); 2) answer coded as polytomous
(ordinal for items 5,6 and 10, and nominal for the remainder). Ordinal coding of
multiple selection items used a penalization for each incorrect choice (i.e., -1 point)
to reduce chances of students obtaining maximum score through selection of all
options. The four blocks of item 6 (cloze-type) were collapsed into a single variable
to suppress the possibility of local dependency between blocks; students who

selected two options in each block were coded as missing (2 cases).
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Table 21. Responses and missing data for the PPLA-Q content knowledge test (N=508)

Item .. Polytomous Dichotomous
E};):r;eent (intended Mtizl)n & A B C D E F I ¢ C p  Discrimi
difficulty) ncorrec orrec nation
Nutrition Item 1 (F) 0 0.4 97.2 2.2 0.2 2.8 97.2 .05
Itemn 2 (M) 0 8.7 3.9 31.9 55.5 44.5 55.5 53
Fitness 1
and Item 3 (F) 6.9 74.6 11.2 7.3 25.4 74.6 47
. (0.2%)
training
Item 4 (M) 4 (0.8) 49.0 5.2 33.7 12.1 51.0 49.0 45
Saf d
riaslfty an Item 5 (F)* 0 96.9 60.7 93.4 65.2 93.8 96.0 49.4 50.6 WAA
3
Item 6 (M)? (0.6%) 44.0 56.0 .56
BlockI 2.6 91.5 5.9
Block II 17.0 74.3 8.7
Block III 73.7 15.6 10.7
Block IV 89.1 4.0 6.9
PA Health
Benefits Item 7 (F) 0 34.4 8.1 18.7 38.8 65.6 34.4 40
Item 8 (M) 0 9.6 6.5 5.1 78.7 21.3 78.7 42
Body 1
compositi  Item 9 (F) o 38.3 20.7 32.3 8.7 61.7 383 .46
on (0.2%)
Item 10 (M)* 0 95.1 63.3 97.6 60.0 92.8 74.0 26.0 .39

F — Foundation level; M — Mastery level
Note: correct responses are bolded
Multiple selection items; 2Close-type item; 3Equivalent to difficulty index (p) x 100

Model estimation

All IRT models were estimated using Maximum Marginal Likelihood and the
Expectation-Maximization algorithm with the package mirt (Chalmers, 2012) in R
£4.0.1 (R Core Team, 2020). Dichotomous models (1 and 2-parameter logistic; 1PL,
2PL) used the dichotomously coded dataset, while the polytomous models (nominal
response, 2-parameter nester logit and mixed graded response; NRM, 2PNL, 2PNL
+ GRM) used the polytomous dataset. All models converged properly. Plots were

extracted using mirt in conjunction with the lattice package (Sarkar, 2008).

Model fit and selection

Limited-information statistic C2 (Cai & Monroe, 2014) and corresponding p-value
were used to assess absolute fit of each estimated model to the data. A .05
significance level was used, with non-significant p-values indicating good absolute
fit. The Root Mean Square Error of Approximation based on C2 (RMSEAc,) with a
threshold of .06 (C. R. Li, 2019) was used as indicative of adequate approximate fit.
Comparative Fit Index (CFI) was used as an auxiliary indicator of model fit with a
tentative threshold of .95, since to our knowledge, no research has established the
adequacy of this index based on the C2 statistic. Comparison between the nested 1PL
and 2PL models used the likelihood-ratio test (LRT; e.g., Finch & French, 2015)
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based on the -2LL statistic for each model, with a significance level of .05, to assess
whether adding parameters significantly improved the fit of the model. Comparison
between non-nested models (NRM, 2PNL, 2PNL + GRM) used both the Akaike
informatic criterion (AIC; Akaike, 1998) and Bayesian information criterion (BIC;

Schwarz, 1978), with lower values indicating better model fit.

Relative efficiency, calculated as the ratio between the total information available in
a more complex model versus that of a less complex model (Finch & French, 2015;
Lord, 1980), was used to assess the trade-off between information and model
complexity. Item fit was assessed through the significance (p-value <.05) of the S.X2
statistic (Orlando & Thissen, 2000, 2003) and its accompanying RMSEA. For
concision’s sake, item parameter estimates, and item/option characteristic curves
plot are presented only for the best fitting model. Person fit was assessed through
the Zh statistic (Drasgow et al., 1985), with a threshold of [1.96] for the final model,

using mirt.

Score Reliability

Marginal reliability (Green et al., 1984) was used to quantify average score reliability
across the 6 continuum. For comparison purposes, Cronbach’s alpha (a) and
McDonald’s omega total (w) were computed using the psych package (Revelle, 2021).
Thresholds of .70 and .80 were used for acceptable (Nunnaly & Bernstein, 1994 ), and
good reliability, respectively (Price, 2017).

Assumptions

Unidimensionality was tested via estimation of a two-factor exploratory IRT model
using mirt, and its comparison via LRT with the correspondent one-factor model
(Finch & French, 2015); both its p-value (significant at .05, indicative of a
significantly better model-data fit) and BIC (lower values representing a more
parsimonious factorial structure) were used. Local independence was assessed
through Q3 (Yen, 1984), using a threshold of |.20] to identify large pairwise residual

correlations after accounting for 6 (W.-H. Chen & Thissen, 1997).

Score correlations

Estimated 6 for all IRT models were computed using expected a posteriori (EAP;

Embretson & Reise, 2000) in mirt. Sum-score was computed as the sum of correct

responses in dichotomous format. Pearson correlation coefficient and
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corresponding 95%CI were estimated using the rstatix package (Kassambara, 2021).
For comparison purposes with previous study, CTT difficulty (p) and discrimination
(gULI) indexes were computed with the ShinyltemAnalysis package (Martinkova &

Drabinova, 2019).

Differential Item and Test Functioning

We analyzed differential functioning at item (DIF) and test level (DTF). DIF analysis
was performed between sexes using a two-stage approach. First, a mixed-format
multiple-group IRT model with no equality constraints across-groups was used as
reference to run the DIF function in mirt — which adds, and tests via LRT, equality
constraints for one item at a time, returning multiplicity-controlled (Benjamini &
Hochberg, 1995) p-values. Three items with highest p-values were selected as
anchors (i.e., assumed invariant) and a final addictive sequential analysis was run
on the anchored model, with freely estimated means and variances. DTF analysis
were performed on the final anchored model via the sDTF statistic with 1000 draws
(Chalmers et al., 2016) using the females as reference group — before this could
happen, a case had to be removed to equalize the number of categories used in item
1 across groups. sDTF represents the number of points on the test, on average, that

the reference group will score higher (Chalmers et al., 2016)

Test-retest reliability

To further examine test and item quality, we analyzed test-retest reliability at both
levels. At test level, we computed a single rater, absolute agreement, two-way mixed
effect model (formula 2.1 in Koo & Li, 2016) ICC and its 95%CI through the irr
package (Gamer et al., 2019), using estimated 6 scores derived from the final model.
ICC values of .90, .75, .50 were used, respectively, as thresholds for excellent, good,
and moderate scale level test-retest reliability (Koo & Li, 2016). At item level, we
used Svensson's (2012) method for ordinal paired data to calculate proportions of
agreement (threshold of .70), systematic variability and individual variability, using

the dichotomous-scored dataset.

Results

Model fit
The 2PNL+GRM model showed the best absolute fit (C2(21) = 23.92, p = .30) and
approximate fit (RMSEAc, = .017 [0, .043]) to the data, out of all the models (Table
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22). All models displayed both adequate absolute fit (p-value > .05), and
approximate fit (RMSEAc, < .06, with 95%CI below this threshold). According to the
LRT based on the -2LL statistic, the 2PL model fits the data better than the 1PL
model (A x> = 28.80, A df = 9, p =.001), and the 2PNL model fits the data better than
the NRM model (A x* = 28.79, A df = 0, p = <.001). Similarly, using information-
based indices (AIC and BIC), the 2PNL + GRM model presents a more parsimonious
fit to the data than its 2PNL counterpart (AAIC = - 0.091, ABIC= -22.03).

As expected, the amount of information offered by each of the models increased as
the number of estimated parameters increased: the addition of the discrimination
parameter in 2PL model offered a 9% increase in information against the 1PL;
modelling data as nominal (NRM) increased the information further by 67%, a value
which increased by 6% with the nested 2PNL model. With the mixed-format model
(three items estimated using the GRM), the total information decreased by 3%
versus all items estimated using the 2PLN (Table 22) — this decrease happens in the

lower range of 6, approaching similar levels of information around -1.5 (Figure 11).

Table 22. Model fit for Item Response Theory models

Total

Number of

p- RMSEAc.[95% . Relative P Marginal
C2 df value cIl CFI AIC/BIC Informatio Efficiency® ml'sflttmg reliability
n items

Dichotomous
1-Parameter - _ 4 .49
Logistic? 67.20 44 .01  .032[.015,.047] 0.87 7.27
2-Parameter - 1 .54
Logistic? 45.10 35 12 .024 [0, .042] 0.95 7.91 1.09
Polytomous
Nominal 9853.72/ 0 .58
Response Model 2199 15 A :031[0,.056] 096 6107.55 13.17 1.67
2-Parameter 0824.93/ 0 .61
NestedLogit 2384 15 .07 .034[0,.059] 095  j, g'¢ 13.98 1.06
2-Parameter 0828.28 / o! .60
Nested Logit + 23.92 21 .30 .017 [0, .043] 0.98 10056.73 13.51 0.97
GRM

GRM - Graded Response Model; RMSEA — Root Mean Square Error of Approximation; CFI — Comparative Fit Index; AIC —

Akaike’s Information Criteria; BIC — Bayesian Information Criteria

aLog-likelihood ratio test 1PL — 2PL model: A x> = 28.80, A x*df = 9, p = .001

Borderline item with p = .05, and RMSEA,= .03

*Information previous model / information of current model (Lord, 1980)

According to the S.X2 statistic, item fit was sequentially improved from the 1PL
model to the 2PNL (Table 22). In the 2PNL + GRM, item 7 displayed a borderline p-
value (.05), albeit with a low RMSEA value (.03). We identified 9 students whose Zh
statistic was higher that [1.96/ in the final mixed model with values ranging from -
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4.33 to -2.10. Analysis of their response pattern revealed that their removal would
invalidate re-estimation of the mixed model (which requires 3 unique categories per
itemn) to assess their impact on item parameters, and so we chose to keep them given

their likely low impact.

Score Reliability

Parallel to the increase in information from the 1PL model to the 2PNL model,
marginal reliability showed an increase throughout these models, decreasing
slightly in the 2PNL + GRM model (Table 22). Conditional reliability analysis
throughout different values of 8, revealed that the 2PNL model attained acceptable
levels of reliability (i.e., rx = .70) from -3 to around -1, while the mixed-format
model only did so from around -2 to -1 (Figure 12); the NRM model got closer to the
threshold in the -3 to -2 range, providing equivalent reliability to the mixed model
until 620, where it underperforms comparatively to both aforementioned models.
For comparison purposes, CTT reliability coefficients were estimated as Cronbach’s
a= .48, and McDonald’s w= .49, and were like the marginal reliability of the 1PL

model.
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Figure 8. Option Characteristic Curves for items 1-4, 7-9 (2-Parameter Nested Logit + Graded Response
Model); A-D - response options
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Item 10

Probability of scoring

Figure 9. Option Characteristic Curves for items 5,6, 10 (2-parameter Nested Logit + Graded Response Model
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Figure 10. Item information curves for the 2-Parameter Nested Logit + Graded Response Model
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Figure 11. Test Information comparison between the Nominal Response Model (NRM), 2-parameter nested
logit (2PLN) and 2-parameter nested logit + graded response model (2PLN+GRM)
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Figure 12. Conditional reliability plot comparison between the Nominal Response Model (NRM), 2 -
parameter nested logit (2PLN) and 2-parameter nested logit + graded response model (2PLN+GRM)
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Assumptions

Preceding item parameter interpretation, we tested the unidimensionality, and local
independence assumptions of the best fitting model (2PNL+GRM). During
unidimensionality assessment, an exploratory two-factor model fitted better than
its one-factor counterpart (significant LRT test), at the cost of parsimony (higher
BIC statistic; Table 23). Analysis of item loadings on factors revealed no
interpretable pattern. Implications of this finding for interpretation of this test will
be further discussed in the Discussion section. We used Yen’s Q3 to check for any
large violations of local independence. After controlling for 8, no items showed a
pairwise residual correlation higher than |.20]. Absolute values ranged from .06 to
.16 (not shown), with no discernable pattern of residual correlation among content

duplets (e.g., item 1and 2).

Table 23. Unidimensionality assumption testing for the 2-parameter nested logit+ graded

response model

AIC BIC Ay A df p-value
One-factor
model 9828.28 10056.73 - - -
Two-factor
model 9825.66 10092.18 20.63 9 0.01

AIC — Akaike’s Information Criteria; BIC — Bayesian Information Criteria

Item parameters

For concision’s sake, we display only item parameters (Table 24) and option
characteristic curves (Figure 8 and Figure 9) for the 2PNL+GRM model. According
to the CTT difficulty index (p), some items designed to be harder for the same
content were found to be easier instead (item 5 and 6, and 7 and 8; Table 21); IRT
parameters estimate the same relative pattern for these duplets, however, suggest
that item 5 is only more difficult than item 6 at maximum score (Table 24). IRT
model difficulty parameters also propose a different relative ordering of item’s
difficulty, with item 7 being the hardest in the test (b= 1.805), instead of item 10 (p =
.26). Discrimination parameters for the correct response ranged from 0.368 (item 7)
to 1.332 (item 3); as such, items with lower discrimination parameters, also display
flat information trace lines (Figure 8), providing low amounts of information across

the whole range of 6.

Some items modelled as 2PNL displayed flat distractor trace lines: item 7’s B and C;

item 1’s C and D, item 2’s B, item 3’s A distractors were not very discriminative nor
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very popular (i.e., low a and vy, respectively; Figure 8 and Table 24). Distractors’
order, according to their a parameter (De Ayala, 2009), was coherent with the

theoretical correctness (i.e., based on item’s content) of each distractor.

Scores correlation

The scores estimated using the 1PL model correlated perfectly with the sum-score
(Table 25). Scores estimated using other models displayed strong, albeit decreasing,
correlation with the sum-score according to the degree of parameterization of the
model (with the 2PNL being the most parameterized model, and lowest correlated,
r= .89, [.87, .91]). There was a close to perfect correlation between the scores
estimated using the 2PNL and the mixed-format 2PNL+GRM - different estimates
mostly in the -1 to -2 6 range (Figure 13).
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2-Parameter Nested Logit

rg;);f)‘:lcste Distractors Distractor Graded Response CTT
Item " corregtnfs Difficulty Discriminatio
a b a A as Y1 Y2 Y3 § order b, b, bs b, (order) n
0.81 -4. -1. -0.8 2.36
Item 1 (B) ?1;7 (A5)3 I 3 ([3)‘) -0.74 1.69 -0.95 D>C>A 97.2 (1) .05
0. -0. -0.2 -0.1 0.
Item 2 (3)7 (53 (A)S (B)5 (3)9 -0.30 -1.02 1.32 C>B>A 55.5(5) .53
It 1. -1.0 0.51 0.10 -0.61
em3 (é? (3)7 (A5) (©) (D) 0.20 0.44, -0.64 A>C>D 74.6 (3) 47
Item 4 O(ﬁ;) 0(‘;))9 _8'35)9 O('CS)O (28)9 -1.24 118 0.06 C>D>B 49.0 (7) 45
Item 5 0.54 -8.85 -5.51 -3.28 _(06'())13 50.6 (6) A
Item 63  1.00 -2.16 _(05‘?10 56.0 (4) 56
It 0. 1.81 0.21 -0.02 -0.1
em?7 (1?)7 (10) (B) ©) (D)9 -0.80 0.05 0.76 B>C>D 34.4.(9) .40
1.2 -1.36 0.8 -0.11 -0.72
Item 8 (D? (23) (A)B (B) (C7) 1.00 -0.04 -0.95 A>B>C 78.7(2) 42
Item 9 sz)l 0('2)6 _(OE';)H %3)2 _((31 0.17 067 -084 C>B>D 38.3(8) 46
Item 10 0.96 -2.37 -0.66 1.31(9) 26.0 (10) .39
CTT - Classical Test Theory
Difficulty order

*Empirically implied by a parameters of each distractor
30bserved response pattern limited to 0,2 and 4 points
Note: letters in parentheses indicate the category’s label
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Table 25. Pearson correlations [95%CI] between estimated scores of each model

1PL 2PL NRM 2PNL 2PLN + GRM
2PL .95 [.94, .96]

NRM 89[.87,.90]  .93[.92,.94]

2PNL 89[.87,.91]  .92[.90,.93] .98[.98,.99]

2PLN +GRM  .91[.90,.93]  .94[.93,.95] .98[.97,.99] .99[.99,.99]

Sum-score 1.00 .95[.94,.96] .89[.86,.90] .89[.87,.91] .91[.90,.93]

1PL — 1-parameter logistic model; 2PL — 2-parameter logistic model; NRM — nominal response model; 2PNL
— 2-parameter nested logit model; GRM — graded response model
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Figure 13. Scatter plot of estimated scores using 2-parameter logit model (2PNL) and 2-parameter nested

logit + graded response model (2PLN+GRM)

Differential Item and Test Functioning

We found evidence of DIF in item 1 (p = 0.018, X2 (2) = 8.04). Analysis of the item

parameters and OCC (Figure 14) highlighted the existence of non-uniform DIF

(Finch & French, 2019) — item is easier and has lower discrimination for boys than

for girls (b = -3.865 versus b = -3.028, and a = 0.875 versus a = 1.952). Also, distractor

parameters suggest different functioning at distractor-level.

To analyze whether the detected DIF would translate in DTF, we calculated sDTF

statistic (using females as the reference group). Results suggests non-existence of
significant DTF (sDTF = -0.06 [-0.65, 0.58]; sSDTF% = -0.14%, [-1.67, 1.49], p = .86).

This would mean that, on average, boys would score an estimated 0.14% (0.06
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points) higher than girls. Graphical analysis (Figure 15) shows that this is the case

mostly around the -2 to -1 6 range.
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Figure 15. Signed Differential Test Functioning pl—t - Reference group (red) Female; (black) Male
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Test-retest reliability

To assess the test-retest reliability of the scores estimated using the 2PNL + GRM
model, we computed the Intraclass Correlation Coefficient (ICC) for two
applications spaced 15 days in 73 students. There was poor to moderate/good test-
retest reliability in these scores (ICC = .56, [.38, .70]; not shown) (Koo & Li, 2016).
Follow-up analysis at item-level using Svensson’s method scoring on
dichotomously scored items, suggested that 6 items showed an acceptable
percentage of agreement (>.70; Table 26). All other 4 items displayed signs of small
individual variability (significant RV ranging from .04, to .11); additionally, item 4
displayed a small downwards systematic disagreement (RP < 0), while item 10

displayed a small upwards systematic disagreement (RP > 0).

Table 26. Svenson’s agreement based on ordinal paired data and Classical Test Theory difficulty at both time points
(N=73)

o RV Students scoring tendency Baseline Retest
PA RP [95%CI] [95%CI] Same (n) Down (n) Up (n) Difficulty Difficulty
Item1 .99 -.01[-.04, <.o1(o, 72 1 0 1.00 .99
.01] 0]
Item 2 NN .01[-.07, .03[o, 54 9 10 .55 .56
.09] 0.05]
Item 3 .92 .03[.03,.03] <.o1(o, 67 2 4 .92 .95
0]
Item 4 .58 -.01[-.01, - A1[a1, 42 16 15 .51 .49
.01] 11)
Item 5 .73 .05[-.06, .03[o, 53 8 12 .56 .62
17] .06]
Item 6 74 .07[.07,.07] .02[.02, 54 7 12 .60 .67
.02]
Item 7 .59 .08 [-.06, .10([.02, 43 12 18 .30 .38
23] 18]
Item 8 .73 -.03[-.03, - .03 [.03, 53 11 9 .81 .78
.03] .03]
Item 9 .60 .07[-.07, .09 [.02, YA 12 17 A .51
.21] .16]
Item 10 .68 .10 [.10, .10] .04 [.04, 50 8 15 .32 WAl
.04]

PA — Proportion of agreement; RP — Relative position; RV — Relative rank variance
Note: values in which the 95%CI does not include o0 are bolded

Discussion

We sought to gather evidence to support construct validity (internal structure and
measurement invariance) and reliability (score reliability and test-retest) of the
cognitive module of the PPLA-Q (content knowledge test) through the lens of IRT.
Secondary aims of this study were to assess a) whether modelling data from
distractors posed an advantage in locating students in the latent continuum; b)

whether the sum-score possessed enough accuracy for practical-oriented settings.

110



Portuguese Physical Literacy Assessment (PPLA)

Model fit

Overall, the mixed-format (2PNL+GRM) model provided the best trade-off between
model fit, total information of the test, and parsimony. This model also provides
more readily interpretable item parameters than the pure 2PNL for the ordinal items
(De Ayala, 2009; Desjardins & Bulut, 2018) since under the latter, different
discrimination parameters (category slopes) are estimated for each scoring level of
the item (assumed as unordered nominal categories), which could be, in practice,
constituted by different combinations of responses, and not a single discrete

distractor.

Dimensionality analysis under this model suggested the existence of a possible
second factor. Given the complexity and number of cognitive and personality factors
at play during item response, it is usually the case that tests are not strictly
unidimensional (Hambleton et al., 1991), and that the substantive consequences of
a violation of this assumption must be analyzed according to the intended
application of the test (Wells & Faulkner-Bond, 2016): in practice, small degrees of
multidimensionality might not distort item parameters and score estimates as long
as essential unidimensionality is assured (Harrison, 1986). Analysis of the residual
correlation between items did not suggest any significant clustering pattern (>
|.20]) between content duplets which could happen due to sampling from the same
specific subdomain (i.e., content theme). Some residual correlation (|.10 - .16]) did
happen between item 2, 8 and 10 which, we surmise, could be due to similarity of the
cognitive processes involved in response (i.e., analysis), or due to closer relationship
between content domain for these items (energy balance, health benefits of
different types of training, and body composition and its effect on health). As such,
these results seem compatible with a parsimonious stance: that a single essential
latent trait is being measured in grade 10 to 12 students — general content knowledge
in the context of PA. Nonetheless, further studies should test this idea using other
methods (e.g., bifactorial IRT modelling), as well as different stances on
measurement — assuming that content knowledge could be surmised under a

composite-formative model (Stadler et al., 2021).
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Score reliability & correlations

Regarding reliability of the test score, both the 2PNL and mixed-format models
outperformed the dichotomous models (1PL and 2PL), the nominal model (NRM)
and the CTT-based estimates, as consequence of providing more information across
the latent continuum. These results show that modelling information present in
distractors is advantageous for estimating 6 and increasing the reliability of scores,
and are coherent with similar research (Storme et al. , 2019). A similar inference can

be drawn from the correlation between different models.

There was a perfect correlation between 1PL-derived scores and a simple-sum
score, as expected, since in 1PL model, the scores are a simple transformation of raw
scores, without weights assigned to different items (Wu et al.,, 2016). As the
parameterization increases, the correlation with sum-score is attenuated and
results in differences in estimated scores, especially for students with lower

knowledge.

Marginal reliability for the mixed-format model did not achieve the general
acceptable threshold of .70 (Nunnaly & Bernstein, 1994), indicating that the test is
still lacking on the capability to score students with desired precision across the
whole range of ability. However, conditional analysis at different ranges of 6 reveal
that this single estimate seems to be underrepresenting reliability around the peak
of test information - -2 to -1 6 — while overrepresenting the reliability in 6 = 0 (De
Ayala, 2009). Taken together, this data leads to different implications regarding the
intended uses of the test score (American Educational Research Association et al.,

2014; Lane et al., 2015).

The sum-score might serve a purpose when a quick diagnosis and feedback to
students is the chief concern since students can score their own test and detect areas
of improvement with little, to no intervention from teachers. From a teacher’s
perspective it might also be useful to consider the raw score by content theme,

allowing for specific changes to the curriculum to promote learning in these areas.

The scores derived from the 2PNL+GRM model would be better used to obtain a
fined-tuned score including distractor information and measure student’s
knowledge around the transition point from structural knowledge (foundation
level) to relational knowledge (mastery level) as the test might provide precise
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enough information in this range — a hypothetical student scoring all foundational
items (odd numbered items) correctly would have an estimated 6 of -1.21. This is
specifically useful for creating class groups based on these general levels and
provide appropriate learning tasks. To facilitate interpretation, we suggest a
transformation so that these scores provide a 0 to 100 interpretation — like other
scores in PPLA. For this transformation, the maximum obtainable 6 in the test (1.591;
not shown) can be used as the upper bound, and the estimated 6 score for a student
with the least informative response pattern (in all least correct distractors) as a lower
bound (8 =-3.510, not shown). As such,

0 + 3.510

X =
(1.591 + 3.510)

x100

with X being the new 0-100 score, and 6 the estimated 6 score.

For specific research in content knowledge about PA and healthy lifestyles, or high-
stakes applications (summative assessment), the test needs further improvements
so that items provide enough information across the whole spectrum of

development.

One option for this would be to increase the number of items in the test, targeting
higher 6 ranges, as test length is related with the accuracy of its estimates (DeMars,
2010; Harrison, 1986). Some care should be taken however, as one of the emphases
of all PPLA measures during development was feasibility without compromising

validity or reliability, to maximize application of the tool in PE contexts.

Another option would be to review both the plausibility and wording of flat curved
distractors in items providing low amounts of information / low discrimination
(items 5,7, and 9). This could lead to improved discrimination — approaching the
guideline of 0.8 (De Ayala, 2009; Green et al., 1984) — by reducing guessing and
confusion, and thus higher information and reliability especially for measuring
higher ability students (6>0). These choices can be further substantiated by
estimating a guessing parameter (in a 3PNL model) to identify which items and
distractors are more prone to guessing and remove parameter confounding. This

will, however, require a larger sample (De Ayala, 2009).
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Item parameters

Regarding item’s estimated difficulty versus their intended difficulty, 3 out of 5
duplets behaved as expected (i.e., item evoking higher-order cognitive abilities as
harder, than their lower-order counterparts) with item pairs 5 and 6, and 7 and 8
not adhering to this. In the first case, both are scored as multiple selection items,
and our data suggests that item 5 is only more difficult than item 6 at maximum
score (Table 4), while it is easier for intermediate scores (i.e., scoring points in the
latter requires higher ability, than in the former, except for maximum score). This
could be result of higher plausibility of distractors in item 5 (selected by ~60 to 65%
of respondents; Table 21) and scoring penalization to wrong selection inflating the
difficulty of achieving maximum score. It is also plausible that our decisions
regarding coding of multiple selection items (5 and 6) might have introduced a
degree of bias in the results by restricting the range of combinations (i.e., 2 points in
item 5 could be obtained by multiple combinations of right and wrong answers). In

the future, different coding schemes might be considered and compared.

In the second’s duplet case, multiple factors might be at play: a) the ability to recall
information which is not used daily (i.e., recommendations for physical activity, in
item 7) might be confounding the intended difficulty as students were not aware
that they were going to be tested; b) despite being based on a lower-order cognitive
ability (memorization), these guidelines require a specific knowledge that cannot be
inferred using an understanding of biology, or general health literacy, and as such,
need to be taught explicitly during PE classes. This data is in accordance with
previous research (Marques et al., 2015) that suggests that Portuguese students do
not know the PA guidelines for health promotion. Nonetheless, a careful look at the
distractor’s popularity (§; Table 24) suggests that they seem to be aware of the
guidelines for children and adolescents, while not knowing the specific ones for
adults (distractor D). This implies that more attention should be dedicated to
explicitly teaching these guidelines, with more emphasis on those for adults, since
arguably, they will be of most importance in the near-future of high-school

students.

DIF and DTF
We found evidence of non-uniform DIF according to sex in item 1, however this did

not result in significant DTF. Despite the possibility that actual differences in
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interpretation of the item exist between sexes, there is also a possibility that this
might be due to parameter inaccuracy due to sampling variability (as suggested by
the magnitude of the standard errors of distractor parameters, ranging from 62.866
to 94.708; not shown in tables), as there were no students with estimated 6 in the
difficulty range of this item (around -3). Similarly, the differential distractor
functioning in this item might stem from a sparse selection of distractors — due to
it being a very easy item — resulting in difficulties at estimation of distractors
thresholds (Ostini et al., 2015). As such, if total score is of chief interest, the bias in
scores will likely be negligible, as the sDTF statistics imply; whether if any specific
inference is required at item-level, methods that account for DIF should be used, so
that the suggested sex bias is minimized. Furthermore, other methods specifically
designed for exploring differential distractor functioning could be used (Suh & Bolt,

2011), along with a larger sample.

Test -retest reliability

Test-retest reliability of estimated 6 scores was poor to moderate (ICC = .51, [.32,
.66]) (Koo & Li, 2016) over a 15 days interval. This might stem from a violation of the
assumption of stability of the assessed trait that precludes the calculation of test-
retest reliability (Polit, 2014), as learning between applications — either due to
teacher intervention, or due to student’s curiosity — is plausible; Longmuir et al.
(2018) suggested as much in their assessment of a similar tool. Results from item-
level analysis of agreement between the two time points lend some support to this
idea. Out of the four items not achieving acceptable agreement (.70), one (item 10)
was mostly due to an increase in correct responses in the second instance; despite
achieving the threshold for agreement, items 3 and 6 also display a similar pattern.
As for the remaining three items (4, 7 and 9), disagreement was mostly due to
individual variability which could be indicative either of guessing, carelessness or
low-quality of the items resulting in different understanding of the item across time
points. In the future, a 3PNL model (accounting for guessing) could further improve

this assertion and clarify the role of individual variability.

Strengths and limitations
To our knowledge, our study is the first to apply IRT to content knowledge of PA and
healthy lifestyles. It exemplifies how applying nested logit models provides an

increase in precision for estimating latent trait scores versus both a sum-score or
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dichotomous IRT models (1PL and 2PL), through the modelling of distractor
information. It also provides an example of how to use these models to identify
functional distractors. As such, use of IRT benefits the test in the short term, but also
inthelong term, as it opens the possibility of comparison between different versions
of the cognitive module of the PPLA-Q by test-linking and equating; and adaptative

testing.

Despite the pandemic context imposed by COVID-19, we recruited a diverse sample,
mimicking the relative composition of grade 10 to 12 students’ population in
Portugal according to both grade and course major. Nonetheless, given its
convenience nature, we advise caution before generalizing any findings of validity
or reliability outside of this population, without further testing. A similar cautionary
note should be made regarding the sample size used. Given the relative paucity of
research using IRT nested logit models, no consensus on guidelines regarding
sample exist. Even when referring to common-place models like the 2PL, NRM or
GR, sample size recommendations vary widely across sources and seem to be
dependent on various complex interaction between test length , number of response
categories per item, number of parameters to estimate (De Ayala, 2009) and
estimation method (Sahin & Anil, 2017). Another factor in determining the sample
size is the intended level of precision in the estimated parameters: while high-
stakes testing will require larger sample sizes to attain small standard errors on
estimated scores, other less demanding contexts might require smaller ones (De
Ayala, 2009; Nguyen et al., 2014). As such, further testing using a larger, more
representative sample should try to replicate, and improve upon our findings using
a 3-parameters logistic model (3PL; Birnbaum, 1968) which accounts for the

possibility of guessing. The same applies for DIF and DTF testing

Another limitation pertains to the use of test-retest reliability. This type of
reliability is essentially a CTT concept, conceptualizing measurement error as a
single statistic, whether IRT permits a detailed analysis of reliability at each 6 point,
as shown. Usage of IRT to model growth over time, or invariance over two time
points would be better suited to the general framework of this study and allow for
better inferences regarding adequacy of scores over time; this, however, was

currently impossible to achieve due to sample size requirements.
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Finally, concurrent with modification of items to improve the information available
across higher ranges of knowledge, a second round of content validity with an expert
panel might provide further support to the adequacy of these items to the pretended

knowledge domain in grade 10 to 12 of Portuguese PE.

Conclusion

Overall, this study provides evidence for the construct validity of the cognitive
module of the PPLA-Q, through the lens of a model combining a 2-parameter nested
logit model and a graded response model. The test assesses content knowledge of
themes related to PA and healthy lifestyles in grade 10 to 12 students (15-18 years).
We have discussed the implications of different scoring models to each intended use.
It has shown acceptable reliability in measuring students transitioning from
foundational knowledge — based on recall and descriptive knowledge of facts — to
mastery knowledge — based on analysis and relational understanding of concepts;
however, its reliability to measure higher knowledge students still needs to be
improved. This is a highly feasible test (9 minutes), useful to diagnose initial levels

of content knowledge at the beginning of a school year and adapt learning tasks.

Improvements to the test could in practice be achieved via multiple paths: a)
increasing number of items; b) improving the discrimination of items; c) review
items to target different ranges of 6 more appropriately. Evidence of DIF across sex
groups was found in an item, with no significant effect at test level (DTF), as such,
test scores can be compared across sexes. Further test-retest reliability evidence is

warranted before test scores are used to assess change over time.
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Abstract

Background: Aims of these studies were to develop the PPLA-Observation
instrument (PPLA-0) to assess the physical and part of cognitive domain of Physical
Literacy through data collected routinely by Physical Education (PE) teachers; and
assess the construct validity (dimensionality, measurement invariance, and
convergent and discriminant validity) and score reliability of one of its modules

(Movement Competence, Rules and Tactics [MCRT]).

Methods: Content analysis of the Portuguese PE syllabus and literature review were
used for domain identification of the PPLA-0O. Multidimensional Item Response
Theory (MIRT) models were used to assess construct validity and reliability, along
with bivariate correlations in a sample of 515 Portuguese grade 10-12 students (Mage
=16, SD =1).

Results: PPLA-O development resulted in an instrument with two modules: MCRT
(22 physical activities) and Health-Related Fitness (5 protocols); both assessed with
teacher-reported data entered in a spreadsheet. A two correlated dimensions Graded
Response Model (Manipulative-based Activities [MA], and Stability-based
Activities [SA]) showed best fit to the MCRT data, suggesting measurement
invariance across sexes, and adequate to good score reliabilities (MA = .89, and SA =
.73). There was a moderate to high correlation (r = .68) between dimensions, and
boys had higher scores in both dimensions. Correlations among MCRT scores and
HRF variables were similar in magnitude to previous reports in meta-analysis and

systematic reviews.

Conclusions: The resulting PPLA-O is composed of two modules that integrate
observational data collected by PE teachers into a common frame of criterion-
referenced PL assessment. While the HRF module makes use of data collected
through widely validated FITescola® assessment protocols, the MCRT makes use of
teacher-reported data collected in a wide range of activities and movement pursuits
to measure movement competence and inherent cognitive skills (Tactics and Rules).
We also gathered initial evidence supporting construct validity and score reliability
of the MCRT module. This highly feasible instrument can be used to provide
Portuguese grade 10-12 (15-18 years) PE students with feedback on their PL journey,
along with the other instrument of PPLA (PPLA-Q). Further studies should focus on
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assessment of inter and intra-rater reliability and criterion-related validity of its

two modules.

Keywords: physical literacy, assessment, physical education, development,

construct validity, reliability, high-school, adolescence.

Background

Physical literacy (PL) is a holistic concept composed of four inter-related domains
(physical, emotional/psychological, cognitive and social) referring to the skills and
attributes that individuals demonstrate through physical activity (PA) and
movement throughout their lives (Physical Literacy for Life, 2021; Sport Australia,
2019). This concept is also at the heart of recommendations posed towards quality
Physical Education (PE) for school-aged children and adolescents (Roetert &
MacDonald, 2015; UNESCO, 2015).

Two crucial elements within the physical domain of PL are movement competence
(MC) and health-related fitness (HRF), as they are conceptualized as part of a spiral
of engagement that leads to increased PA participation in children, that might
strengthen into adolescence (Stodden et al., 2008, 2009) — a stage in life in which
we will focus, given their concerning low levels of PA (Guthold et al., 2020).
However, if the goal is a meaningful and involved PA participation, its decision-
making and tactical aspects (elements of the cognitive domain of PL) need to be also
considered (Bunker & Thorpe, 1982; Dudley, 2015; Sport Australia, 2019; Whitehead,
2001).

Development of these elements is an explicit, or implicit part of some PE syllabus
(e.g., Society of Health and Physical Educators (SHAPE) America, 2014), as is the case
in Portugal (Ministério da Educagdo, 2001a, 2001b, 2018b). Here, data on MC —
through an authentic assessment lens, that integrates movement and decision-
making skills (Slade, 2010) — and HRF of students is routinely collected by PE
teachers. These are qualified movement professionals, that observe students in
many settings (Essiet et al., 2021; Faught et al., 2008), and may be in a privileged
position to assess multiple aspects of student’s development (Harlen, 2005, 2009).
Nonetheless, while HRF assessment makes uses of standardized protocols
(FITescola®; Dire¢do-Geral da Educa¢do & Faculdade de Motricidade Humana,

2015) that produce generalizable and interpretable data for educational and research
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stakeholders, within and outside of schools, this has not been the case for

assessment of MC.

One option to solve this issue would be the use of available motor skill assessment
batteries; however these suffer from multiple drawbacks: 1) they require additional
training and/or lesson time for correct application (Shearer et al., 2021), and so
lower their feasibility in PE settings; 2) they focus mostly on children (Hulteen et al.,
2020); 3) those available for adolescents are generally product-oriented (Tidén et
al., 2015), providing assessment only in discrete, low-generalization tasks (Giblin et
al., 2014) thatlack the needed ecological validity (Stodden et al., 2008) to understand
engagement in advanced physical experiences in a variety of domains and
environmental constraints (Burton & Rodgerson, 2001; Giblin et al., 2014) - a
characteristic that defines motor development in adolescence (Gallahue, 1996;
Goodway et al., 2020); and, 4) they neglect the decision-making aspects previously
mentioned, requiring separate use of other instruments, that are however limited to

formalized games (Gréhaigne et al., 1997; Oslin et al., 1998).

This problematic motivated the development of a criterion-referenced instrument
that could frame observational data collected by teachers in the physical and
cognitive domains into the Portuguese Physical Literacy Assessment (PPLA) tool,
which already counts with measures to assess all other domains of PL in adolescents

(aged 15-18)(Mota et al., 2021, 2022c, 2022b).

Our aims for the following studies were to a) develop the PPLA-Observation based
on review of relevant conceptual frameworks and the Portuguese PE syllabus —
resulting in two modules, the Movement Competence, Rules and Tactics (MCRT)
module and the Health-Related Fitness (HRF) module; b) investigate the
dimensionality structure of MCRT module through Item Response Theory (IRT)
methods; c) test this structure for differential item functioning (DIF) according to
sex, as comparisons between sexes are likely in the future, due to suggested
differences in object-controlling/manipulative skills (Barnett et al., 2016); d)
establish support for convergent and discriminant validity, and score reliability for
this module. A secondary aim was to draw inferences for scoring and criterion-
referenced cut-scores mechanisms. We did not focus on validation of the HRF

module as it is comprised of measures (i.e., results obtained through FITescola®
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protocols) that have already published evidence in support of validity and reliability

— further details in the Results section.

Methods

Overview

The development and testing of the Portuguese Physical Literacy Assessment
Observation (PPLA-0) followed a common philosophy and multiple phase
methodology to that of the other part of PPLA (Questionnaire; Mota et al., 2021). It
was inspired by the physical and cognitive domains of the PL model proposed in the
APLF (Dudley, Keegan, et al., 2017; Sport Australia, 2019), and by the Portuguese PE
syllabus (Ministério da Educagao, 2201a, 2001b, 2018b).

These studies entailed domain identification and measure selection, resulting in an
instrument with two modules: HRF and MCRT (Table 28).; followed by content
analysis of the PPES according to chosen taxonomies to ensure content validity. A
pilot test evaluated feasibility of the data entry for PE teachers. Finally, we assessed
the dimensionality and reliability of the Movement Competency, Rules and Tactics
module. Since the HRF module is grounded on widely used and reported protocols
(i.e., FITescola©; Direcdo-Geral da Educagdo & Faculdade de Motricidade Humana,
2015), no validation was done. In all phases, adherence to standards for instrument
development and validation was sought (American Educational Research

Association et al., 2014; Mokkink et al., 2018).

Domain identification and measure selection

Similar to the procedures conducted for the development of the PPLA-Q (Mota et al.,
2021), a theoretical framework was established for each of the nine selected
elements in the physical and cognitive domains based on literature review of
relevant theories in the fields of motor development, physical fitness and PE;
supported by previous review efforts done by the APLF team (Dudley, Keegan, et al.,
2017), and analysis of the Portuguese PE syllabus (PPES; Ministério da Educacdo,
2201a, 2001b, 2018b). Afterwards, each selected element was mapped into the two-
level PPLA framework (Mota et al., 2021). This framework establishes a Foundation
(initial development that enables participation in movement and PA) and Mastery
level (relational understanding and application of skills) of development for each
element, based on the original APLF work, and the structure of observed learning
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outcomes taxonomy (SOLO; Biggs & Collis, 1982). Operational definitions per
element and level were based on the APLF (Sport Australia, 2019) (Table 28). Then,
based on the PPES and its assessment norms, measures or instruments for each

element were selected to maximize feasibility and ecological validity.

Since, as we will detail in the Results section, the PPES uses an integrated criterion-
referenced assessment of movement competencies, along with rules’ knowledge
and tactical development, a summative content analysis of the syllabus was
conducted (Hsieh & Shannon, 2005) to study possible factorial structures that would
allow to disentangle these various elements from each other. Coding was made by
the lead investigator, using a deductive categorization (e.g., Elo & Kyngds, 2008)
with categories extracted from the respective theories or models; as no specific
taxonomy existed for the Rules element, a inductive approach was taken. For the
Movement Competence skills, sport/specialized skills in each chosen activities were
assessed for the diversity of movement skills required in its execution, based on
Gallahue's (1996) taxonomy of Locomotion, Manipulative and Stability movement
skills, along with Dudley’s (Dudley, 2015) taxonomy for Moving with equipment (or
Object Locomotion). For the Tactics element, diversity of tactical actions were

counted according to the Game Performance Assessment System (Oslin et al., 1998).

Pilot testing

Concurrent with the pilot test of the PPLA-Q (Mota et al., 2021) in November 2020,
two PE teachers from the involved classes were asked to complete the resulting
PPLA-O from the previous phase. PPLA-O took the form of a spreadsheet file
(Additional File 5) where teachers could enter all results from the selected 1)
proficiency levels for MCRT — ordinal coded; and 2) HRF protocols — continuously
coded, except for Shoulder Stretch, which was coded as a binary variable; along with
demographic information for each student. Feasibility was assessed through
qualitive comments on the clarity of the provided instructions for data insertion,
and identification of bugs in the automated spreadsheet files used to generated

unique codes for each student (to assure anonymity) and insert data.
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IRT Analysis of the Movement Competence, Rules and Tactics module
Participants

This study used the same sample as previous PPLA-Q validation studies. Sampling
procedures are fully described in Mota et al. (2022c). Briefly, a convenience sample
of 521 grade 10-12 students from 25 classes in 6 public schools in Lisbon’s
metropolitan area was used. Recruitment was stratified by grade, and course major
according to population percentage quotas. Schools from diverse socioeconomic
backgrounds were chosen to increase sample representativeness. Student sample
characteristics are summed up in Table 27. Data about students was reported by 22
PE teachers. Sample size conformed to recommendations for multidimensional

graded response models (GRM) (Jiang et al., 2016).

Measures and Procedures

PPLA-O was completed by the PE teachers (N=22) of each class from January to
March 2021. Data collection for this tool was concurrent with the one for PPLA-Q
validation studies (Mota et al.,, 2022c, 2022b). As such, upon acceptance to
participate, teachers were sent the PPLA-O matrix and were asked to return the
latter upon data collection of the PPLA-Q. Since a lockdown was in effect due to the
COVID-19 pandemic for most of data collection, teachers were asked to provide the
most recent data prior to lockdown, according to the levels provided in the PPES and
protocols of the FITescola®. Despite not being part of the PPLA-O, height and
weight information were collected to calculate body mass index (BMI) for each
student. This measure would be used for testing relevant correlations with measures
in the MCRT module.

Analysis

All analysis were performed in RStudio (RStudio Team, 2020) with R 4.1.0 (R Core
Team, 2020). Partial PE proficiency levels (e.g., partial Elementary level) were
collapsed into the adjacent lower category to equalize assessment across schools —
since its common for each school to define their own criteria for these partial levels

as a mean to motivate students.
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Table 27. Student sample characteristics

Characteristic N = 521!
Sex (nmiss. = 2)

Female 303 (58%)
Male 216 (42%)
Age 16 (1)
Grade

10 208 (40%)
11 144, (28%)
12 169 (32%)
Major

Economics 76 (15%)
Humanities 166 (32%)
STEM 279 (54%)
School

School 1 4,0 (8%)
School 2 67 (13%)
School 3 21 (4%)
School 4 71 (14%)
School 5 208 (40%)
School 6 114 (22%)

STEM - Sciences, Technology, Engineering and Math
'Statistic presented: n (%); M(SD)

Descriptive statistics (Table 30) were generated using the psych (Revelle, 2021),
naniar (Tierney et al., 2021) and summarytools (Comtois, 2021) packages. Students
without any collected data (n =6; non-participation in PE due to injury) were then
removed from the dataset. Little’s test was used to assess tenability of data missing
completely at random (MCAR; Little & Rubin, 2020). Results of x> (766) = 1681, p
<.001 (with missing patterns = 91) provided evidence against MCAR. The assumption
of missing at random (MAR) was plausible based on results of sensitivity analysis of
missing data grouped by class. Two items (Rhythmic Gymnastics, and Modern
Dance) were eliminated prior to further analysis due to low observed frequency (n=1,

and 0, respectively).

Dimensionality

All IRT models were estimated using Marginal Maximum Likelihood with the
expected-maximization algorithm in mirt (version 1.34.11, Chalmers, 2012), robust
to high degrees of missing data (Bernaards & Sijtsma, 1999). A two-stage analysis
was performed. In a first stage, sequentially more complex models were estimated
until there was no improvement in model-data fit, or convergence issues occurred
due to over factoring. As such, we fitted a 1) unidimensional partial credit model (1d-
PCM), i1) unidimensional graded response model (1d-GRM), and ii1) exploratory
multidimensional correlated GRM (2d-GRM and 3d-GRM). Comparison between
models used the likelihood-ratio test (LRT; e.g., Finch & French, 2015) based on the

126



Portuguese Physical Literacy Assessment (PPLA)

-2LL statistic for each model (significance level of .05) to assess whether adding
parameters (i.e., discrimination) and extra dimensions improved the fit of the
model. The Akaike informatic criterion (AIC; Akaike, 1998) and sample-adjusted
Bayesian information criterion (SABIC; Schwarz, 1978) provided additional

insights, with lower values indicating better model fit.

After an optimal exploratory solution was attained, its standardized loadings
(oblimin rotated) were assessed to identify non-salient items: with a threshold of A
< .30 (e.g., Reise & Revicki, 2015) or communality < .40. Cross-loadings were
assessed using a variance explained ratio (1,2/ A,2), with values lower than 1.5 (Hair
Jr. et al., 2019) considered for elimination depending on factor interpretability.
These items were then removed one by one (with model re-estimation) until simple
structure was achieved. For the second stage, all previous models were rerun to
detect whether the sequential improvement in fit held after removal of items.
Finally, item loadings were constrained to load on its salient factor, and a

confirmatory GRM model was fit.

In this final solution, the magnitude of standardized loadings and discrimination
(slope) parameters were assessed: a) loadings were interpreted as excellent, very
good, good, fair or poor when higher than .71, .63, .55, .45 and .32, respectively
(Comrey & Lee, 1992); b) discriminations were interpreted as very high, high,
moderate, low, and very low when higher than 1.70, 1.35, 0.65, 0.35 and 0.01,

respectively (Baker & Kim, 2017).

Differential Item Functioning (DIF)

Before DIF analysis, five cases had to be removed to equalize categories in the
Throws and Jumps (both from Athletics) activities. DIF analysis was performed
between sexes using a two-stage approach. First, a multiple-group IRT version of
the final model was fit with no equality constraints across-groups and used as
reference to run the DIF function in mirt — which adds, and tests via LRT, equality
constraints for one item at a time, returning multiplicity-controlled (Benjamini &
Hochberg, 1995) p-values. Three items with highest p-values were selected as
anchors (i.e., assumed invariant) and a final addictive sequential analysis was run

on the anchored model (i.e., three invariant items constrained to equality), with
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freely estimated means and variances. Adjusted p-values < .05 were used as
threshold for existence of DIF.

Discriminant and convergent validity

Bivariate Pearson and polyserial correlations (and 95% CI) were calculated using the
polycor (Fox, 2019) and piercer (Pierce, 2021) packages using all pairwise complete
observations. These were used to evaluate discriminant validity (threshold of r =.85
to discern whether resulting variables were statistically different) and convergent
validity based on magnitude reported in similar studies. Magnitudes were
interpreted as : very high, high, moderate, and low correlations, when r >.90, >.70,
>.50, >.30, respectively (Hinkle et al., 2003). Inter-factor discriminant validity was

assessed via correlation in the final MCRT model, using the same .85 threshold.

Reliability and scoring

Marginal reliability (Green et al., 1984) using Expected a-posterior (EAP)
(Embretson & Reise, 2000) scores was calculated to quantify average reliability
across the 6 continuum. These were evaluated as acceptable (px>.70 ; Nunnaly &
Bernstein, 1994), and as good (px>.80 ; Price, 2017). Thresholds for each item (dx, or
intercept parameter) were transformed into difficulty parameters (bx) using by= - (dx

/ ax) (Reckase, 2009) for easier interpretation.

Results

Given the initial focus on the development of the PPLA-O, this section will first
describe the results of domain identification and measure selection — including
relevant definitions, and a summary literature review of its theoretical framework
and relationships with PA participation or other relevant outcomes. It will then
present the results of the remaining studies: content analysis, pilot testing and IRT
analysis of the MCRT module.

Domain Identification and measure selection

Health-Related Fitness (HRF) module

Physical fitness can be interpreted as the capacity to perform PA and/or physical
exercise that integrates most bodily functions involved in movement. (Martinez-
Vizcaino & Sanchez-Loépez, 2008). Some authors suggests that it might be a
predictor of PA in youth (Britton et al., 2020; Stodden et al., 2008), with active youth

presenting healthier physical fitness profiles (Boreham & Riddoch, 2001). However,
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this is disputed by other authors (Kemper & Koppes, 2006; Martinez-Vizcaino &
Sanchez-Loépez, 2008).

More robust evidence, however, correlates fitness with various health outcomes
throughout the life span (Bushman & American College of Sports Medicine, 2017).
Among these, cardiovascular endurance is linked with diverse metabolic markers
(Committee on Fitness Measures and Health Outcomes in Youth et al., 2012), mental
health (Janssen et al., 2020; Ortega et al., 2008), and cognitive benefits including
academic performance (Chaddock-Heyman et al.,, 2014; Scudder et al., 2014).
Musculoskeletal fitness is liked with increased bone density (Committee on Fitness
Measures and Health Outcomes in Youth et al., 2012) and positive self-perceptions
(Lubans & Cliff, 2011). And, despite there being no compelling link between
flexibility and health, the former is suggested to be central to correct posture and

increased functional capacity (The Cooper Institute, 2017).

Given its prominent role in a healthy and active life, HRF is an integral part of the
PPES, as one of its three major areas, along with physical activities, and knowledge.
Its assessment is operationalized through the FITescola© test battery (Dire¢do-
Geral da Educa¢ao & Faculdade de Motricidade Humana, 2015). This battery,
analogous to FitnessGram®© (The Cooper Institute, 2017), offers a set of protocols to
assess whether children and adolescents meet evidence-based criteria for health-
related benefits. From these, we selected the most disseminated ones in PE teacher’s
practice, that simultaneously adhere to international recommendations
(Committee on Fitness Measures and Health Outcomes in Youth et al.,, 2012;
Plowman & Meredith, 2013) (Table 28, column 5), and have extensive validity and
reliability evidence (Artero et al., 2011; Lubans et al., 2011; Mayorga-Vega et al., 2014,
2015; Patterson et al., 2001; Vanhelst et al., 2016). The obtention of the Healthy
Fitness Zone was mapped as the transition point between Foundation and Mastery
level for elements in this module, with the Athletic Profile values used as reference
for maximum points. The latter is a zone designed to assess athletic potential in

youth (Henriques-Neto et al., 2020).

Movement Competence, Rules and Tactics module
Movement competence (MC) can be defined as the development of sufficient

movement skills to assure successful performance in a variety of physical activities,
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be that work or play (Bisi et al., 2017; Burton & Rodgerson, 2001). This concept is
employed by Whitehead (Whitehead, 2010) in allusion to a “bank” that enable
individuals to respond automatically and meaningful to movement situations. Most
commonly, these skills are divided into 1) fundamental movement skills, and 2)
specialized movement skills (Gallahue, 1996). Fundamental movement skills are
organized series of basic movements that involve combinations of two or more body
segments (Gallahue, 1996), and form the building block for specialized movement
skills (Logan et al., 2018), which represent application of these fundamental
movement skills to specific physical activity or sport contexts with increased
refinement (e.g., fielding a groundball; D. L. Gallahue & Donnelly, 2002; Goodway et
al., 2020). Different, yet analogous taxonomies include the subdivision into general,
refined and specific movement patterns (Durden-Myers et al., 2018). All these
movement skills can be categorized into different movement skills sets according to
their function (Burton & Rodgerson, 2001) as locomotor, stability or manipulative
movement skills (Gallahue, 1996), and present multiple phases and stages of
development throughout the lifespan. Other sources add a fourth category that
includes movement skills with equipment (e.g., bike, surfboard, skate rollers;

Dudley, 2015; Sport Australia, 2019).

MC has a suspected cause-effect relationship with PA (Holfelder & Schott, 2014),
with multiple reviews identifying a positive association between the two across
childhood (L. E. Robinson et al., 2015). This association also seems to be higher with
object control/manipulative movement skills (Barnett et al., 2009; Lubans et al.,

2010).

However, few studies have examined this correlation in adolescents (L. E. Robinson
et al., 2015). Similarly, positive correlations have been identified with perceived
competence (Babic et al., 2014), and health-related fitness (Cattuzzo et al., 2016;
Stodden et al., 2009).

In the PPES, MC is developed within the physical activities area, which includes
subareas for diverse physical activities (i.e., Team-sports, Gymnastics, Athletics,
Racquets, Combat, Roller Skating, Swimming, Rhythmic-Expressive, Traditional
games, and Nature exploration). In each of these subareas, multiple physical

activities (to which we will refer simply as activities, from now on) are used as means
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of development and assessment of each student through three levels: Introductory,
Elementary and Advanced. The Introductory level frames multiple foundational
skills and knowledge needed for participation in each activity — usually deals with
reduced or constrained gameplay, or pedagogical progressions leading to the formal
setting of the activity; the Elementary level refers to the mastery of the main
elements of each activity — deals with the full formal setting of the activity; the
Advanced level establishes skills and knowledge needed for higher-degree
participation in the activities (e.g., performance-settings). Assessment uses a set of
rubrics that establish 1) the skill, knowledge, or attitude to be observed, 2) the
context (e.g., 2x2 reduced gameplay of volleyball, or a gymnastics sequence
composed of predetermined movements, and c) multiple qualitative criteria that
describe the action. Given the above frame, we corresponded the Introductory and
Elementary levels in these activities with the Foundation and Mastery levels of the
PPLA in all elements of movement competence (i.e., locomotion, manipulative,

stability, moving with equipment).
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Table 28. Domain identification for the Physical and Cognitive Domain of the PPLA-Observation instrument (PPLA-0)

Theoretical framework Operational definition Definition per level Instruments / PPLA-0 Module
Measures
Physical Domain
Health-related Fitness
Cardiorespiratory FITescola© Ability of the heart and lungs to deliver oxygen to Foundation: Building health-related fitness that PACER/20-meter Health-Related Fitness
Endurance working muscle allows for a functional lifestyle and health- shuttle run® (HRF)

Muscular Endurance

Flexibility

Movement Competence

Locomotion

Object Manipulation
Stability / Balance

Moving with equipment

(Gallahue, 1996; Gallahue et al.,
2020)

(Dudley, 2015)

Ability of muscle(s) to repeatedly exert force over a
sustained period

Capacity of a joint or muscle to move through its full

range of motion

Movement skills that allow a person to move from one

place to another (on multiple environments)?
Movement skills that use a body part to move or
manipulate an object

Skills involving balance and weight transfer?
Movement skills used to move on, in or with,
equipment from one place to another

related benefits

Mastery: Building health-related physical fitness
necessary for excelling in performance-driven
settings

Foundation: application of baseline skills and
techniques in reduced settings (exercises,
reduced or constrained gameplay) (Introductory
level in the PPES)

Mastery: application in settings representing the
physical activity (global, formal level of
participation) (Elementary level in the PPES)

Curl-ups (core
endurance)®

90° push-ups (upper-
body endurance) ®

Backsaver Sit-and-
reach (lower flexibility)®
Shoulder Stretch (upper
flexibility)®

Teacher-reported
proficiency levels in
Physical Activities in PE

Cognitive Domain

Rules

Tactics

(Dudley, 2015; Sport Australia,
2019)

(Bunker & Thorpe, 1982; Dudley,
2015; Oslin et al., 1998)

Explicit or understood regulations and principles

governing conduct or procedure with movement and

PA

Planed and ad hoc decisions and actions, employed in

the moment for the pursuit of goals

Foundation: Knowledge and compliance with
safety rules and regulations of activities
Mastery: Active participation on the enforcement
or adaptation of rules

Foundation: Accumulation and application of
simple tactics to solve a problem (single
constraints)

Mastery: Relational application of tactics in
response to multiple constraints

Teacher-reported
proficiency levels in
Physical Activities in PE

Movement
Competence, Rules,
and Tactics (MCRT)

PA - Physical activity; PACER — Progressive Aerobic Cardiovascular Endurance Run; PE — Physical Education; PPES — Portuguese PE Syllabus
2According to the Australian Physical Literacy Framework (Sport Australia, 2019)
b FITescola® (Direcdo-Geral da Educacio & Faculdade de Motricidade Humana, 2015)
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Rules

Although conceived within the realm of team-sports and games, most literature on
rules provide an easy generalization to other movement contexts. Rules provide a
structure that manages and guides practitioners’ action (Gréhaigne & Godbout,
2013). These can be considered primary or fundamental when they act as constraints
that regulate and apply restrictions on the mode of action available to the individual
(e.g., scoring rules); or as secondary when they constitute written or unwritten rules
that facilitate participation (e.g., safety and ethical rules of organized PA; Dudley,
2015). Both contribute to the form of the activity as we know it (Slade, 2010).
Understanding of rules and their application is therefore an essential part of every

activity — something that Bunker and Thorpe frame as “Game Appreciation” (1982).

Within the PPES, rules’ knowledge and understanding are integrated holistically
within each activity proficiency level previously mentioned. Thus, all activities
promote the learning of safety codes and equipment management, while activities
like team-sports and athletics allow learning of more closed scoring and playing
rules. These outcomes are framed into the Foundation level of this element. At
higher level (mostly Advanced), students are asked to be officials and referees,
which works as a powerful learning tool to reinforce rule knowledge and conditional
application of all aspects of the activity (Slade, 2010). This skill is proposed as part
of the Mastery level.

Tactics

Tactics can be generally framed as time-sensitive responses to problems posed in
movement and PA contexts, be that inherent to game participation (i.e., gaining
advantage), or informal PA (i.e., maximizing quality and efficiency) (Dudley, 2015;
Gréhaigne et al., 2005). These contexts act as eventful dynamic systems (Gréhaigne &
Godbout, 2014) that require participants to develop and apply higher-level cognitive
skills (e.g., comparing, contrasting, analyzing, evaluation) required for thoughtful
decision making (McBride & Xiang, 2004), in interaction with others and the
environment (Dudley, 2015). Despite being separated here into two different
elements, tactical knowledge and application is mostly conceived as the next
(higher-order) level of rules’ knowledge, in a learning continuum that frames

decision-making within PA (Bunker & Thorpe, 1982; Dudley, 2015; Gréhaigne &
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Godbout, 2013): Only after participants can identify the constraints imposed by

rules, can they begin to acknowledge degrees of freedom available to act.

Game sense approaches that propose the teaching of PA through reduced or adapted
forms of the formal activity (e.g., Teaching Games for Understanding [TGfU];
Bunker & Thorpe, 1982), recognize that the learning of specific skill and tactics
constrain each other (Butler & Griffin, 2010); while traditional, skill-centered
approaches (i.e., analytical) focus on the former as the main constrainer of the
capacity to participate in PA. The TGfU approach recognizes the similarity between
tactical actions among the many games by categorize them in 1) target games, 2)
net/wall games, 3) striking/fielding, 4) invasion games (Bunker & Thorpe, 1982).
Based on this taxonomy, the Game Perfomance Assessment Instrument typifies tactical
action these into six transversal categories : 1) decision making, 2) adjust, 3) cover,
4) support, 5) guard/mark, 6) base (cf. Memmert & Harvey, 2008; Oslin et al., 1998)

— skill execution excluded.

Benefits of using these approaches might include increased engagement, enjoyment
and motivation in PE classes (Diaz-Cueto et al., 2010). Also, authors argue that
awareness and decision making skills might transfer to contexts outside of
movement (Dudley, 2015; Sport Australia, 2019), being central to critical thinking,

as a general education outcome (McBride & Xiang, 2004).

As aforementioned, the PPES frames tactical skills within the learning of activities
and into the diverse levels of learning. Assessment is made in-context, through
combination of skills and decision making, coherent with principles of authentic
assessment (Slade, 2010; Wiggins, 1990). We framed a more constrained application
of tactics (i.e., reproduction of descriptive tactics) to the Foundation level, while a

more critical, relational stance on decision-making was framed in the Mastery level.

Given the integrated nature of the Movement Competence, Rules, and Tactics
elements, the specification levels for each activity were selected as holistic, process-
oriented measures of these elements. A set of 22 physical activities that represent
the full breadth of subareas within the syllabus were chosen, with the possibility for
teachers to include any other activity assessed. Chosen activities spanned all
movement forms (Durden-Myers et al., 2018; Murdoch & Whitehead, 2010) and two
of the four types of games according to the TGfU classification (Table 29). Target
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and striking games are not commonly developed in Portuguese PE and were not

included.

Content analysis

Table 29 presents the summary of the content analysis of the PPES. Higher levels of
proficiency in each activity entailed a higher diversity of movement skills in all
typologies; however, this tendency only emerged between the Introductory and
Elementary levels, with almost no new movement skills required when transitioning
to the Advanced level. Locomotor skills were required with similar diversity across
all types of activities, with two clusters emerging according to manipulative skills
(mostly team-sports) and stability (gymnastics and Roller Skating) movement
skills: while team-sports required mostly dynamic balancing, twisting, turning,
landing, and dodging movement skills, gymnastics uniquely required skills
combining inverted supports, rolling, and diverse bending and stretching
movement skills. Tactics-wise, a similar pattern was noted with increasing levels
requiring a higher diversity of tactical action — without the plateau observed for
movement skills. As expected, tactical actions were mostly requested by Team-

Sports and Racquets activities.

Finally, regarding rules, four general categories emerged from the analysis.
Knowledge and application of safety rules and specific activity rules was mostly
observed in the Introductory levels; while identification of referee signals, and
officiating were mostly skills required for Elementary and Advanced levels,

respectively.

Pilot Testing

Participating teachers had no difficulties with data insertion and regarded the
instructions as clear. As expected, data collection on activities and HRF protocols
was already part of their lessons, implying no additional effort. They highlighted
errors in the code generator spreadsheet and PPLA-O spreadsheet, which were

corrected for the next phase of these studies.
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Classification Content Analysis
Locomotion Skills? Manipulative Skills? Stability / Balance Moving with equipament® Tactics* Rules?
Movement max. points 8 max. points 13 Skills? max. points 5
Form Portuguese max. points 10
(Durden- PE Syllabus
Physical Myers et al., (Ministério $ﬁ$ /erSS(ZB_ l:;l::;i ” 2 2 § @
Activity 2018; da Educacdo, pt) 191 ! 6) = E & ]
Murdoch&  2301a, 2005, etal, 199 E A I E A I E A 1 E A 5 & % %3
Whitehead, 2218a) 2 g 2 g 5]
2010) 8 & E’ E 4
Races Athletic Athletics 2 2 2 2 3 3 1 A
(Athletics)
Throws Athletic Athletics 1 2 1 1 1 1 4 4 A
(Athletics)
Jumps Athletic Athletics 2 3 3 4 5 5 1 A
(Athletics)
Wrestling Competitive Combat 1 1 1 1 1 5 5 5 2 3 3 1 1 E E
Judo Competitive Combat 1 1 1 1 1 1 6 6 6 2 3 3 I I I
Floor Athletic Gymnastics 2 2 5 8 8 E
Gymnastics
Artistic Athletic Gymnastics 2 2 2 4 6 8 I
Gymnastics
Acrobatic Athletic Gymnastics 3 3 3 7 8 8 1 1
Gymnastics
Rhythmic Aesthetic Gymnastics 2 3 3 3 4 4 3 8 8 1 A
Gymnastics and
Expressive
Handball Competitive Team Sports Invasion 3 3 4 3 3 3 3 5 5 2 5 5 I I E A
Football Competitive Team Sports Invasion 2 3 3 5 5 5 3 5 5 3 3 4 1 1 E A
Basketball Competitive Team Sports Invasion 4 4 4 4 4 4 4 6 6 2 A 4 I I E A
Rugby Competitive Team Sports Invasion 2 3 3 4 5 5 4 5 5 3 5 5 1 1 E
Orienteering Adventure Nature 1 1 1 2 2 2 1 1 1 1 1
Exploration
Climbing Adventure Nature 1 1 1 3 1 1 1 1 E
Exploration
Roller Skating® Athletic / Roller Skating 2 2 4 6 6 1 A
Aesthetic
and
Expressive
Table Tennis Competitive Racquets Net 3 3 3 1 1 4 I A
Badminton Competitive Racquets Net 1 2 2 5 6 6 2 2 4 1 A
Volleyball Competitive Team Sports Net 2 3 3 4 5 6 3 4 I I E
Dance Aesthetic Rhythmic and 6 7 7 4 5 5 A
(Modern) and Expressive
Expressive
Dance Interpersona Rhythmic and 1 1 3 3 3 3 1
(Social) 1/ Relational Expressive
Aerobics Fitness & Rhythmic and 3 6 6 2 6 6
Health Expressive

TGfU — Teaching Games for Understanding; GS — Game Sense; I — Introductory proficiency level; E — Elementary proficiency level; A — Advanced proficiency level

*Based on (Gallahue, 1996); ®Based on (Dudley, 2015); ‘Based on Game Performance Assessment Instrument items (Oslin et al., 1998), extended to general decision-making in all activities; ‘Level at which item appears; ¢After Introductory level,
Roller Skating takes the form of i) Roller skates Racing, ii) Artistic Roller Skating, or iii) Hockey on Roller skates — analysis presented here refers to ii)
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IRT Analysis of the Movement Competence, Rules and Tactics module
Preliminary analysis

Seven activities had lower than 90% assessment rate (Modern Dance, Rhythmic
Gymnastics, Rugby, Wrestling, Judo, Acrobatic Gymnastics, and Tennis; Table 30).
The most prevalent level of proficiency was Introductory, with the Advanced level
attaining only residual prevalence (0 to 5.1% of assessed students). Flexibility
protocols had lower percentages of assessed students compared to other protocols
(Table 31).

Table 30. Descriptive statistics for teacher-reported proficiency levels in physical activities - Movement
Competence, Rules and Tactics Module (N=515)

Observed Proficiency Levels

. .. Missing cases
Physical Activity Non-
(%) Introductory" Introductory Elementary Advanced
Races (Athletics) 187 (36.3%) 22 (6.7%) 180 (54.9%) 126 (38.4%)
Throws
(Athletics) 346 (67.2%) 2 (1.2%) 87 (51.5%) 80 (47.3%)
Jumps
(Athletics) 392 (76.1%) 5 (4.1%) 87 (70.7%) 31(25.2%)
Wrestling 491(95.3%) 10 (41.7%) 14 (58.3%)
Judo 490 (95.1%) 3 (12%) 22 (88%)
Floor
Gymnastics 32 (6.2%) 91(18.8%) 320 (66.3%) 72 (14.9%)
Artistic
Gymnastics 53 (10.3%) 85 (18.4%) 271(58.7%) 104 (22.5%) 2 (0.4%)
Acrobatic
Gymnastics 475 (92.2%) 14 (35%) 26 (65%)
Rhythmic
Gymnastics 514 (99.8%) 1(100%)
Handball 114 (22.1%) 78 (19.5%) 212 (52.9%) 111 (27.7%)
Football 64 (12.4%) 116 (25.7%) 179 (39.7%) 133 (29.5%) 23 (5.1%)
Basketball 43 (8.3%) 84 (17.8%) 265 (56.1%) 123 (26.1%)
Rugby 500 (97.1%) 8(53.3%) 7 (46.7%)
Orienteering 345 (67%) 1(0.6%) 82 (48.2%) 87 (51.2%)
Climbing 410 (79.6%) 11 (10.5%) 61(58.1%) 33 (31.4%)
Roller Skating 338(65.6%) 84 (47.5%) 76 (42.9%) 17 (9.6%)
Table Tennis 297 (57.7%) 23 (10.6%) 141 (64.7%) 54 (24.8%)
Badminton 8 (1.6%) 56 (11%) 264 (52.1%) 163 (32.1%) 24 (4.7%)
Volleyball 5 (1%) 40 (7.8%) 295 (57.8%) 163 (32%) 12 (2.4%)
Dance (Modern) 515 (100%)
?Saorzzcigl) 204 (39.6%) 53 (17%) 208 (66.9%) 48 (15.4%) 2(0.6%)
Aerobics 395 (76.7%) 4 (3.3%) 96 (80%) 20 (16.7%)
Tennis 469 (91.1%) 2 (4.3%) 38 (82.6%) 6 (13%)

2Non introductory level refers to students that have yet to achieve the standards for the Introductory level

Table 31. Descriptive statistics for teacher-reported results for Health-Related Fitness module (N=515)

Health-Related Fitness

Measures Missing cases (%) M (SD) Median
PACER 22 (4.2%) 49.5(22) 44..0
Push-ups 26 (5.0%) 18.1(9.6) 18.0
Curl-ups 23 (4.4%) 48.6 (21.7) 45.0
Shoulder Stretch (% of

achievement)

Right 83 (15.9%) 95%

Left 83 (15.9%) 89%

Sit and Reach (cm)

Right 85 (16.3%) 30.7(8.3) 31.0
Left 84 (16.1%) 30.2(8.2) 31.0
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Dimensionality

In the first stage of analysis, the 2d-GRM presented the best fit according to
information criteria (AIC, SABIC and -2LL; Table 32). According to the likelihood
ratio test (LRT), freely estimating discrimination (slope) parameters improved the
fit from the 1d-PCM to the 1d-GRM; and estimating an additional dimension also
improved fit from the 1d-GRM to the 2d-GRM. A 3d-GRM was estimated, however
its information matrix could not be inverted, signaling an empirically unidentified

model; as such, its estimates are not presented.

Item standardized loadings and parameters were analyzed based on the 2d-GRM
exploratory solution. Reasons for item removal are presented in Table 32. As a note,
Wrestling item had a borderline variance ratio (1.66), and we opted initially for non-
removal based on its added value as unique item concerning Combats activities.
However, estimation of the following second stage confirmatory 2d-GRM (with
items constrained to load on its salient factor) did not converge. Removal of this

item allowed the solution to converge.

Second stage consisted of sequential re-estimation of all models, without removed
items, to assess if the results obtained in the first stage were robust. Improvement
in fit between models was equivalent to those observed during first stage. Finally, a
confirmatory 2d-GRM was fit, with decrease in fit (according to all indices) versus
its exploratory counterpart, which was expected since the former imposes more

constraints to item loadings (cross-loadings constrained to 0).

Table 32. Model fit indices and statistics for the Movement Competence, Rules, and Tactics module

AIC SABIC -2LL LRT Removed items (reasons)
First stage
1d-PCM 8360.60 8407.67 8272.59
1d-GRM 8026.04 8094.51 7898.03 A XZ(ZOE :0334'56’ P
A (20) = 176.50 Aerobics, Tennis, Social Dance
2d-GI(E) 7889.53 7979.41 7721.53 X p (_)oz 50,p (non-salient loadings)
S dst . Orienteering (low communalities)
econd stage Judo, Rugby (SE larger than slope
1d- PCM 7112.58 7145.75 7050.58 parameters)
1d- GRM 6928.36 6974.37 6842.36 Ax(12) = 208.22,p < Acrobatic Gymnastic, Wrestling
-001 (problematic cross-loadings)
Ax*(12) =164.18, p
2dIRM (E) 6788.18 6847.03 6678.18 <001 o
2d- IT GRM (C) 686148 6908.55 647616 Ax(1) = 95.29,p

<.001?
1d - unidimensional: 2d — multidimensional model with 2 correlated factors; (E) -Exploratory; (C) — confirmatory; AIC — Akaike’s Information
Criteria; SABIC — Sample Adjusted Bayesian Information Criteria ; -2LL - -2* Log-Likelihood ; LRT — Likelihood Ratio Test; *In favor of the
exploratory model

Loadings in the final confirmatory solution ranged from very good to excellent (.75
to .92, and .64 to .91), for dimension 1 and 2, respectively (Table 33, Figure 16). An

equivalent pattern of moderate (a> .65) to very good (a > 1.70) discrimination
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parameters (Baker & Kim, 2017) indicates that items are performing correctly in
their respective dimension (i.e., providing information to separate students with
different levels of 6). Interpretation of these two moderately (r = .68) correlated
dimensions is coherent with items (i.e., PA) being better measures of either
Manipulative skills, or Stability skills, as such we named these dimensions as
Manipulative-based Activities (MA), and Stability-based Activities (SA), respectively
(Table 33). Usage of Locomotion skills are likely highly prevalent and common
across all activities, and thus no third factor emerged based on it. Surprisingly, all
Athletics disciplines had higher loadings on the Manipulative factor than on the
Stability factor; also, loadings patterns do not suggest that tactical skills might be a

source of covariation among tactical-alike activities (e.g., Handball and Basketball).

Differential Item Functioning (DIF)

In the first stage of the analysis, the Throws (Athletics), Climbing and Roller Skating
indicators were selected as anchors (adjusted p-values= 1.00). Subsequent
sequential analysis with these indicators constrained to equality across groups

revealed no DIF according to sex.

Discriminant and convergent validity
Inter-factor correlation between MA and SA was moderate to high (r=.68; Table 33).
Table 35 displays the bivariate correlations between all variables in both PPLA-O

modules, along with an additional BMI variable.

139



Portuguese Physical Literacy Assessment (PPLA)

Table 33. Item parameters, inter-factor correlations and reliability for 2-dimensional graded response model

Explorato Confirmatory
*P ry Standardized loadings Slope parameters Intercept parameters
Manipulative — Stability- Manipulative — Stability-
pulative based Communalities pulative based Communalities a,(SE) a,(SE) d,(SE) d.(SE) d;(SE)
based Activities P based Activities e
Activities Activities

Races (Athletics) .66 34 A 84 71 2.66 (.33) 4.47 (.46) -1.24(.23)
Throws (Athletics) .87 -18 .66 .75 .57 1.95 (.42) 4.34 (.76) -1.16 (.30)
Jumps (Athletics) 70 24 69 .83 69 2.53(.52) 4.41(.70) -2.46 (.46)
Handball 74 31 84 91 .83 3.78 (.45) 2.95(.37) -2.89(.36)
Football .81 .09 73 .86 73 2.77(.25) 2.00 (.23) -1.44 (.21) -5.40 (.43)
Basketball .85 14 84 92 84 3.94 (.46) 3.91(.45) -2.79 (.35)
Table Tennis .95 -.25 .76 .78 .61 2.12(.31) 3.77 (.44) -1.54 (.25)
Badminton .94 -.07 .83 .88 78 3.20 (.30) £4.51(.40) -1.25 (.22) -5.94 (.50)
Volleyball .70 23 .68 .82 .67 2.41(.22) £4.27(.33) -1.20 (.18) -5.95 (.47)
Floor Gymnastics -.10 .83 .64, .64, WAl 1.41(.17) 1.97 (.18) -2.29 (.19)
Artistic 28 67 62 91 83 3.75 (.95) 3.72(.80) -3.06 (.67) 109
Gymnastics - : . . . R e . . (2.43)
Climbing .07 .61 .55 30 112 (.37) 2.53 (.41) -1.01(.27)
Roller Skating 18 .64 .48 .67 45 1.53(.32) .76 (.25) -2.48 (.33)
Marginal
Reliability 88 67 89 73
Correlation .68

SE — standard error

Note: salient loadings in each factor are bolded in the exploratory model

140



Portuguese Physical Literacy Assessment (PPLA)

82
S
"o
30
n.:E
£ 4
£
9 =
I i

[¢5]

Rules, and Tactics Module
\___________________________.

Movement Competence,

Figure 16. Portuguese Physical Literacy Assessment - Observation (PPLA-0) two modules, with estimated
parameters for the Movement Competence, Rules and Tactics module (2-dimensional graded response

model)
Legend: PC — Pacer, PU - Push-ups, CU- Curl-ups, SS-r — Shoulder Stretch (right), SS-1 — Shoulder Stretch (left), SR-r — Backsaver Sit and
Reach (right), SR-1 — Backsaver Sit and Reach (left), RC — Races (athletics), TH — Throws (athletics), JP — Jumps (athletics), HB —
Handball, FB - Football, BB — Basketball, TT - Table Tennis, BD — Badminton, VB — Volleyball, FG — Floor Gymnastics, AG — Artistic
Gymnastics, CB — Climbing, RS - Roller Skating, MA — Manipulative-based Activities, SA — Stability-based Activities

Reliability and scoring

Both dimensions of the MCRT attained acceptable marginal reliability in the final
solution (px= .89 and .73, respectively; Table 33). Table 34 presents transformed
intercept parameters (category threshold) which can be interpreted as transition-
points between levels of proficiency for each activity (i.e., 8 point at which there is a
50% probability to be scored in that category or higher; DeMars, 2013). Median
values represent a heuristic cut-score between general proficiency levels (6) in each
dimension. I.e., a student with 8 = -1.68 is likely to be transitioning from Non-

Introductory to Introductory level on most Manipulative activities.
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point (threshold)
b (difficulty)
Non- Introductory to Elementary to
Introductory to
Elementary Advanced
Introductory
Manipulative —
based Activities
Races
(Athletics) -1.68 0.47
Throws
(Athletics) "2.23 059
Jumps _
(Athletics) 174 0.97
Handball -0.78 0.76
Football -0.72 0.52 1.95
Basketball -0.99 0.71
Table Tennis -1.78 0.73
Badminton -1.41 0.39 1.86
Volleyball -1.77 0.50 2.47
Median -1.68 0.59 1.95
Stability-based
Activities
Floor
Gymnastics 140 162
Artistic
Gymnastics -0.99 0.82 2.96
Climbing -2.26 0.90
Roller skating -0.50 1.62
Median -1.19 1.26 2.96
Table 35. Pearson and polyserial bivariate correlation matrix for PPLA-O variables
1. 2. 3. 4. 5. 6. 7. 8 9. 10
1.Age
23 (.15,
2. MA 31]
18[.09, .79[.75,
3-SA .26] .82]
.05 [- -.04[- -13[-
4. BMI .05, .14] 13,.06] .22, -.03]
-.06 [- 37[.29, 31[.23, -25[-
5- PACER 14,031  .44] 391 34, -.16]
-18[-
° 03[~ 431.35, 35[.27, .61[.55,
6.90" Push-ups 05, 12] 50] 431 .2076]— 66]
i -04[- 34026, 27019,  -19[- 44037, 41033,
7 Curl-ups .13,.05] 42] .35] .28, -.10] .51] .4,8]
8. Shoulder Stretch -.06[- -.40[- -33[- -18[- -.04 [~ .00[-.15, .05[-.10,
(Right)? .20,.09]  .51,-.27]  .45,.20]  .31,-.03] 19, .11] 15] 19]
9. Shoulder Stretch -20([- -36 [__ -28[- -26[- -.03[- -.05[- -.05[- 71[.62,
(Left)? .31, -.07] '4275'] .39, -.16]  .37,-.14] .16, .10] 18, .08] 17,.08] 78]
10. Backsaver sit- .00 [- -24(- -.04[- .01[-.08, -14[- -.08[- -.05[- 28 [.14, .30[.17,
and-reach (Right) .09,.09] .33, -.15] 13,.05] 1] .23, -.05] 17,.02] 14, .05] 4] 4]
11. Backsaver sit- .00 [- -.22[- -.01[- -.01[- -14[- -.05([- -.01[- .29 [.15, .29 [.16, .93[.92,
and-reach (Left) .09, .10] .30, -.13] .10, .08] 10,.09] .23, -.05] 14, .05] .11,.08] 42] .40] .95]

MA — Manipulative-based Activities; SA — Stability-based Activities; BMI — Body mass index; PACER — Progressive Aerobic Cardiovascular

Endurance Run

*Polyserial correlations in these rows
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Table 36. Movement Competence, Rules and Tactics mean scores
stratified by sex for Manipulative-based Activities (MA) and Stability-

based Activities (SA)
Transformed scores
0 (SD) (SD)
Female Male Total Female Male Total
MA -0.30 0.41 0 48.1 64.4, 54.9
(0.91) (0.84) (0.95) (20.9) (19.4) (21.8)
SA -0.15 0.21 0 40.6 47.5 43.4

(0.85) (0.81) (0.86) (16.3) (15.5) (16.4)

Discussion

Our aims for the following studies were to a) develop the PPLA-Observation based
on review of relevant conceptual frameworks and Portuguese PE syllabus practices;
b) investigate the dimensionality structure of one of its modules - Movement
Competence, Rules and Tactics module - through Item Response Theory (IRT)
methods; c) test this structure for differential item functioning according to sex; d)
establish support for convergent and discriminant validity, and score reliability for
this module. A secondary aim was to draw inferences for scoring and criterion-

referenced cut-scores mechanisms.

IRT Analysis of the Movement Competence, Rules and Tactics module
Dimensionality

Our results based on exploratory and confirmatory IRT analysis provide evidence in
favor of a two correlated factor solution for assessing Movement Competence, Rules
and Tactics, with evidence of measurement invariance (no-DIF) across sexes. This
is somehow contrary to our initial conceptualization that proposed that six latent
variables could be responsible for the variance in observed proficiency levels of
activities: Locomotion, Manipulative, Stability, and Movement skills using Object,
Rules, and Tactics. Items (activities) did not cluster according to different tactical
typologies, movement forms, or subareas. Instead, the obtained solution suggest
that their variance is driven according to competence in two different types of
movement skills, namely, Manipulative movement skills, or Stability movement
skills. Competence in Locomotor movement skills did not emerge as a latent factor
explaining variance. This might be due to locomotor skills being transversally

required in specialized skills in all evaluated activities in both dimensions (e.g., slide
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to hit a falling shuttlecock, or running and then jumping onto a trampoline) — as can

also be seen in our content analysis of movement skills (Table 29).

Another unexpected finding was that two Athletics disciplines that were expected to
load on the SA dimension (i.e., Running, and Jumps) — as specific skills for these
activities are mostly locomotor and stability-based — presented higher loadings on
MA. This might originate from how this group of activities (Athletics) is conceived
and assessed within the PPES: rubrics for all disciplines are grouped together and
assessed as a single activity, however, throughout the syllabus documents
(Ministério da Educacdo, 2001a), the three disciplines appear mentioned as different
activities. This might have led, inadvertently, to teachers reporting according to
different standards. This requires scrutiny and caution in further developments of
this tool.

Regarding Tactics, content analysis of the PPES revealed that up until the Elementary
proficiency level, both movement skills and tactical requisites increase
simultaneously, while it is during the transition to the Advanced level that tactical
indicators take precedence (Table 29). As such, it is plausible that skill and tactical
factors covary closely until the Elementary level, and only when students transition
into Advanced levels is the tactical factor singularly driving variance in items — since
movement skills factors cease or lower their effect at this level. However, in our
sample most students were at, our below, the Elementary level in all activities (Table
30), which could preclude the mentioned disentanglement of variance between
these factors. Also, since most tactical-heavy activities happen to be those that
require manipulative skills, the MA factor might likely be accounting for variance
due to tactical knowledge and application. Further studies with large-scale samples,
with higher proportion of students in Advanced stages could evaluate these

hypotheses and offer insights into this factorial structure.

Regarding Rules, variance caused by differing degrees of rule knowledge and
application might be similarly overshadowed by movement skills and tactics. That
is, a student might know and apply all rules from an activity, but absence of required
skill and tactical factors might preclude him from advancing in proficiency level.

Albeit aligned with an authentic assessment perspective, this invalidates
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measurement of this element using only the observed activities levels, and will likely

require an external instrument (e.g., scale) to isolate.

Differential Item Functioning (DIF)

Items seem to function similarly for both sexes (i.e., no DIF), and as such, results
can be meaningfully compared; despite suggestions in the literature pointing to the
presence of bias when teachers observe MC (Faught et al., 2008; Hay & Donnelly,
1996), with the tendency to consider girl’s competence in PA to be below average

compared to boys of the same age.

Discriminant and convergent validity

The moderate to high correlation between MA and SA (r=.68; Table 33) is like that
obtained by other batteries evaluating movement skills with the same
conceptualization in older children and adolescents in a Portuguese sample (r = .64;
Luz et al., 2016). Due to the strength of this correlation, a general motor ability
underlying results in both factors is tenable (Burton & Rodgerson, 2001), and could
be further investigated through second-order or bifactorial modelling (Brown,
2015; Reise, 2012). Despite this, discriminant validity is still ensured, with inter-

factor correlations below .85 (Brown, 2015).

In general, correlations observed in our study among MA and SA, and correlates like
sex, age, BMI and fitness (Table 35) were coherent with those found in the literature
regarding movement skills in adolescents, strengthening the evidence for construct
validity of the MCRT. Boys had higher scores than girls in both dimensions (Table
36), with the difference being smaller in stability skills (Luz et al., 2017; L. P.
Rodrigues et al., 2019). Values for the correlation of age and scores on both
dimensions (r = .23 [.15, .31], and r= .18 [.09, 26] , MA and SA, respectively) were
similar to those reported in a meta-analysis by (Barnett et al., 2009). Also, similarly,
to results reported in Barnett and colleague’s review, we found an inverse
correlation for BMI and SA scores (r = -.13 [-.22, -.03]). Cardiovascular and muscular
endurance were also correlated with both scores, in similar magnitude as in previous
studies (Luz et al., 2017; L. E. Robinson et al., 2015). Finally, despite inconclusive
results in reviews (Cattuzzo et al., 2016; L. E. Robinson et al., 2015), we also observed
negative correlation between all flexibility indicators and scores in both

dimensions; this correlation was lower in regards to SA which is plausible with the
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idea that stability-based activities require higher ranges of motions. The role of
flexibility warrants further scrutiny since our results pointed to a mostly negative
correlation with other fitness indicators; especially the sit-and-reach indicators
might be collapsed, since their correlation suggested that they are statistically

equivalent (r > .85).

Reliability and scoring

Use of a sub-score for each of the identified dimensions of the MCRT seems plausible
given the evidence of sub-score reliability (p« = .89, and .73). We suggest a
transformation so that these scores provide an easy 0 to 100 interpretation — like
other scores in PPLA. For this transformation, the median 6 score estimated for the
transition from Elementary to Advanced level (6 =1.95, and 2.96, respectively; Table
34) can be used as the upper bound, and the estimated 6 score for a student with the
lowest possible levels in all activities as a lower bound (8ma = -2.38, and 6sa = -2.27,
not shown). As an example,

0+ 2.38

Xys = ————
MA ™ (1.95 + 2.38)

x100

with X being the new 0-100 score, and 6 the estimated 6ua Score.

Since these scores require complex computations, the effectiveness and precision of
simpler options (e.g., sum-scores) should be investigated in the future, given our

concern for feasibility.

Reliability has been widely established for the HRF module protocols. We suggest
that results from each protocol should be similarly transformed using the values
reported by FITescola®’s Athletic Profile, based on sex and age, as upper bound. In

this manner, a 0 to 100 criterion-referenced score can also be obtained.

Strengths and limitations

One of the major strengths of the PPLA-O is that it uses data routinely collected by
PE teachers to frame the evaluated elements into a common reference frame of
Physical Literacy. Its content validity is also maximized by making use of 1) HRF
protocols that have been chosen and adapted with the PE context in mind
(FITescola®), and 2) data referent to proficiency levels in diverse physical activities
that were chosen to figure in the Portuguese syllabus by curriculum design experts.

It also evaluates movement skills — and inherent tactical actions — within tasks and
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environmental constraints that will be common to activities practice outside of PE,
providing a chance for an authentic, ecologically valid, and highly feasible
assessment. Nonetheless, further efforts could study content and face validity with
students, and other educational stakeholders, as well as with motor development

specialists to provide another layer of validity evidence.

Another strength rests in the use of IRT methodologies to analyze construct validity
and reliability. Due to the same ecological approach mentioned above, missing data
will always assume large proportions, since different students’ needs will dictate
that each class will work on and assess different activities. IRT’s algorithms were
specifically designed to work with categorical data and are robust to missing data,
using all information available to estimates parameters that also have higher
degrees of invariance from sample to sample (Bock & Gibbons, 2021; Reise & Revicki,
2015). In this way, students with just a few assessed activities will still be able to be
scored. However, large amounts of missing data still posed a limitation regarding
assessment of absolute fit of the models through statistical tests equivalent to chi-
square (i.e., C2; Cai & Monroe, 2014) and derived relative fit indexes (root mean

square error of approximation).

One limitation of this study lies in the unknown inter and intra-observer reliability
of PE teachers while assessing both the fitness protocols and activities levels. We
would argue that many factors could contribute to higher reliability, including 1)
extensive training during initial teacher’s education, 2) clear and task-specific
rubrics for each activity and level available in the syllabus (Brookhart, 2013), 3)
specific fitness protocols with detailed instructions and resource for application, 4)
collaborative training and observation opportunities within schools, and 5) each
assessment is based on multiple in-context observations. Despite this, these
inferences require further scrutiny and empirical validation, since process-oriented
assessments are more susceptible to bias caused by different levels of observer’s
expertise (e.g., Griffiths et al., 2018; Schoemaker et al., 2012). As part of this effort,
demographic data on PE teachers, along with teaching experience and other relevant
variables should also be collected to better understand assessment patterns, which

we did not do during these studies.

147



Portuguese Physical Literacy Assessment (PPLA)

A final, more general limitation is concerned with the timeframe of this study. All
data collection was done amongst lockdowns imposed by the COVID-19 pandemic.
This limited the number and quality of activities assessed by PE teachers (especially
those involving physical contact like wrestling or acrobatic gymnastics); and might
have imposed additional unforeseen limitations on these results. As such, these
results should be replicated in a larger, more representative sample of students in
more normal PE circumstances, which will enable a deeper insight in the Tactics

element as we discussed.

Conclusion

Throughout this article, we detailed the development of the PPLA-0, an instrument
that assess the physical and part of the cognitive domains of PL in grade 10 to 12
adolescents (15-18 years). It is composed of two modules, 1) Health-Related Fitness
(HRF), and the 2) Movement Competence, Rules and Tactics (MCRT), that integrate
observational data from PE teachers into a common frame of criterion-referenced
PL (Figure 16). The former makes use of data collected through widely validated
FITescola® assessment protocols, while the latter makes use of teacher-reported
data collected in a wide range of activities and movement pursuits to measure
movement competence and inherent cognitive skills (Tactics and Rules). We also
gathered initial evidence supporting construct validity and score reliability of the
MCRT module through IRT multidimensional models, with a final two-dimensional
solution (Manipulative-based Activities, and Stability-based Activities). Further
studies should focus on assessment of inter and intra-rater reliability and criterion-
related validity. This highly feasible instrument can be used to provide students with
feedback on their PL journey, along with the other instrument of PPLA (PPLA-Q).
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Abstract

Background: Aims of this study were to assess the construct validity and reliability
of the full Portuguese Physical Literacy Assessment (PPLA) integrating both of its
instruments (a questionnaire, and a tool using teacher-reported data) to measure
the four domains of Physical Literacy (PL); this also included the assessment of the
adequacy of a total PL-score and respective subscales by domain. We also sought to
discuss conceptual and practical implications of reflective versus formative

measurement for PL.

Methods: Multiple Confirmatory Factor Analysis (CFA) and Confirmatory
Composite Analysis (CCA) models were used complementarily to assess construct
validity in a sample of 521 grade 10-12 Portuguese students from Lisbon. Bifactor
model-based indices (o, Explained Common Variance [ECV], and Percentage of
Uncontaminated Correlations [PUC]) were used to assess score reliability and

adequacy.

Results: Using CFA, an asymmetrical bifactor model (S*1-1) provided the best fit to
the data (Robust CFI= 97, Robust RMSEA = .05 [.04,.06], SRMR =.04), while CCA
resulted in best absolute fit for single first-order composite models (dg, d., and
SRMR below or borderline of their 95% critical value, in both the optimal and unit
weighted models). The tenability of both paradigms to assess PL is discussed.
Through a reflective paradigm, a total PL score should not be used in isolation (ECV
=.49, ou =.71,lower than recommended .80); subscales for each PL. domain attained
acceptable score reliability except for the cognitive one (ws = .76, .82, .80, and .60,
for the physical, psychological, social, and cognitive sub-scores, respectively), and

dimensional uniqueness, except for the psychological one (ECVss = .71, .23, .61, .98).

Conclusions: Present results provide evidence that a general trait of PL is
responsible for a considerable amount of variance in all indicators — albeit with
insufficient strength to be interpret—ted in isolation - with demarked domain-
specific variance. We advise calculation of a total summed PL score, along with
domain scores, which should be interpreted conjointly in applied settings. While the
former provides a heuristic summary to quickly compare different classes and
schools in low-stakes settings, the latter allows for more meaningful interpretation

of students PL profiles and needs. Caution is advised on using the psychological sub-

151



Portuguese Physical Literacy Assessment (PPLA)

score in high-stakes settings, as most of its variance is absorbed by the PL general
trait, which warrants further scrutiny. The use of a bifactor measurement model for
further research efforts using the PPLA is recommended. We encourage further
research into the tenability and implications of PL measurement using both the
reflective and formative paradigms, as both seemed tenable according to our results.
Overall, evidence supported the construct validity and reliability of the PPLA for its
intended use an integrated tool to measure Physical Literacy as a multidimensional

construct in 15 to 18 years old Portuguese students in a PE setting.

Keywords: physical literacy, assessment, physical education, construct validity,

reliability, high-school, adolescence.

Background
Physical Literacy (PL) is a holistic concept referring to the skills and attributes that

individuals demonstrate through physical activity (PA) and movement throughout
their lives, enabling them to lead healthy and fulfilling lifestyles (Physical Literacy
for Life, 2021). This multidimensional concept is argued as the foundation for the
physical education, sport, and public health agendas (Organization for Economic
Co-operation and Development, 2018; UNESCO, 2015; World Health Organization,
2020; Ydo, 2021). Given this prominent role, in the last few years multiple efforts
have been made to develop and refine measuring tools that support learning towards
ameaningful movement journey (Barnett et al., 2020; Cairney et al., 2018; S.-T. Chen
etal., 2020; Gandrieau et al., 2021; Gunnell et al., 2018; Mohammadzadeh et al., 2021;

Physical Literacy for Life Consortium, 2021; Sum et al., 2018).

Similarly, the Portuguese Physical Literacy Assessment (PPLA) was developed as a
tool composed by two instruments (a questionnaire, PPLA-Q, and an observational
instrument, PPLA-O) to be used in PE to provide a feasible and holistic assessment
of the PL of grade 10 to 12 (15-18 years) students. It was inspired by the Australian
Physical Literacy Framework (APLF; Sport Australia, 2019) — a conceptual model of
PL learning composed of 30 elements across 4 domains (physical, psychological,
social and cognitive) — and by the outcomes and didactic philosophy of the
Portuguese PE syllabus (Ministry of Education [Ministério da Educa¢do], 2001a,
2001b).
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Both instruments have previously gathered evidence supporting construct validity
and reliability at element-level using Item Response Theory models (Mota et al.,
2022c, 2022b, 2022a). However if PL is to be understood as a holistic framework to
understand human movement and PA participation, construct validation and
reliability evidence must be gathered to support the intended integrated

interpretation of all four domains (Finch & French, 2019).

The dimensionality of this tool can be assessed through the means of structural
equation modelling (SEM), where two main approaches can be taken depending on
the auxiliary theories assumed to underlie measurement (J. R. Edwards & Bagozzi,
2000; Henseler, 2021; Sarstedt et al., 2016): a) reflective measurement, or b)
formative measurement. Previous studies on PL measurement have always
implicitly assumed a multidimensional reflective view, modelling PL as a)
correlated factors (Cairney et al., 2018; Longmuir et al., 2015; Sum et al., 2018), or b)
higher-order factor (Cairney et al., 2019; Gunnell et al., 2018). In a following section,
we will provide an overview of ontological and conceptual issues inherent to both

approaches.

Similarly, before scores from this test are used to inform student’s and teacher’s
practice, or in research settings, a concurrent effort must be made to assess the
validity of the derived scores according to this intended use (American Educational
Research Association et al., 2014). When SEM is used, estimated scores can be
directly used to explain antecedents or outcome variables of interest (Henseler,
2021; R. B. Kline, 2016). However, for applied used in PE, it becomes essential that
timely, easy to obtain scores are available. These can either be refined, more precise,
scores derived from confirmatory analysis; or coarser, easier to obtain scores using
summation (i.e., sum-scores) (DiStefano et al., 2009; Grice, 2001). Since each
measuring approach presents slightly different scoring implications, we address

these issues simultaneously in the next section.

Our initial model for PPLA (Mota et al., 2021) hypothesized PL as a higher-order
composite formed of domain-specific composites, based on the idea of non-
exchangeability of domains and indicators. Along with the assertion that variation
in in each of the domains would be plausibly independent from each other. E.g., one

could conceive that an increase in Cognitive-related skills or knowledge would not
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be simultaneous with an increase in Psychological -related attitudes or perceptions.
Despite this, given the recency of PL construct testing, it is cogent to test alternative

competing models that could further provide practical and conceptual advantages.

As such, the aims of this paper were to a) establish evidence supporting construct
validity and reliability of the PPLA, integrating measures derived from the PPLA-Q
and PPLA-O, by comparing results drawn from factor-based (reflective) methods,
and composite-based (composite-formative) methods; and based on this b) assess
adequacy of using a PL total-score, and respective subscales. As secondary research
aim, we aimed to discuss implications of the different methods on the wider

conceptual understanding of PL.

Literature Review

Measuring model conceptualization

While most construct validation studies and scale development done in education
and social sciences has been under the reflective paradigm (Bollen, 2002), many
disciplines are now starting to explore the formative paradigm (Brown, 2015;
Diamantopoulos, 2008). This has generated an ongoing debate and research for the
latter’s impact and adequacy for measurement (J. R. Edwards, 2011; Evermann &
Ronkko, 2021; Henseler, 2018; Henseler et al., 2014; Rigdon, 2016; Rigdon et al.,
2017). Each of these conceptualizations bears different ontological and practical

premises.

Reflective measurement

Ontological and conceptual issues

Measurement under the reflective conceptualization assumes a realist perspective
(Borsboom et al., 2003), wherein the construct represent a real entity tangible
through its measures. It is represented through a common factor underlying all
observed measures (effect indicators) and responsible for their covariance (Lord &
Novick, 1968). This is the approach at the heart of Classical Test Theory (CTT) (also
named True Score Theory) (McDonald, 1999) and Item Response Theory (Bollen &
Bauldry, 2011; Embretson, 1996). According to this, a causal relationship is assumed
between the construct and its measures, with a change in the construct expected to
cause equivalent changes (after accounting for error) in all its measures (Brown,

2015). The notion of measurement error is explicitly modeled at indicator-level (i.e.,

154



Portuguese Physical Literacy Assessment (PPLA)

residuals) which is then used in factor-based Structural Equation Modelling (SEM)
methodologies to provide more accurate depictions of correlation among constructs

(i.e., through disattenuation; R. B. Kline, 2016)

Factors (i.e., latent variables) are assumed unidimensional entities, composed of
multiple interchangeable measures of the same phenomenon; and elimination of
any of these does not alter the meaning of the factor (Brown, 2015). Testing of this
dimensionality structure is usually performed using covariance-based methods like
Confirmatory Factor Analysis (CFA), by comparing different a priori specifications
based on substantive theory (Brown, 2015). Constructs, however, are unlikely to
adhere to strict unidimensionality, whether intentionally - because the researchers
wanted to capture different facets of the construct through to the use of subscales -
or unintentionally — due to method factors (Brown, 2015), responses bias (DeVellis,
2017) or even item difficulty/popularity (Sijtsma & Ark, 2021). As such,
multidimensional model can be estimated, with the most common one being the a)
correlated first-order factor models, and b) higher-order models (Cho, 2016;
Rindskopf & Rose, 1988). Other options include the estimation of correlated
residuals between indicators to accommodate covariation unrelated to the construct

at hand (Brown, 2015).

Correlated factor models freely estimate correlations among construct composed of
interchangeable indicators (Figure 17). If the pattern and magnitude of correlations
is substantial, and there is a strong conceptual justification , it is then tenable to
estimate a higher-order model to account for this correlation (R. B. Kline, 2016; Law
et al., 1998). The two most common options for this are the hierarchical model and

the bifactor model.

In both cases, the different first-order factors are conceptualized as being
interchangeable indicators of the same, more abstract, construct (N. Lee & Cadogan,
2013). One of the main differences lies in the way the effect of the higher-order
factor is conceived upon observed indicators: in the hierarchical model, the first-
order factor fully mediates the effect of the higher-order construct into the
indicators (Figure 17); while in the bifactor model, direct effects are estimated from
the higher-order construct into the indicators (F. F. Chen et al., 2006; Yung et al,,

1999). Bifactor model allows the analysis of group-factors (equivalent to the error
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terms on the hierarchical model, denominated disturbances, Cho, 2016) which
represent variance that is specific to a set of indicators, over and beyond that of the
general-factor (i.e., the higher-order construct); and modelling of independent
relationships of the group and general factors on outcomes of interest (F. F. Chen et
al., 2006; Ward et al., 2015). Because of these nuances, the bifactor model enables a
more robust study of dimensionality and on the interpretation of scores, which we

will describe below.

Further iterations of the bifactor model have been developed as this approach gains
traction within measurement assessment of many disciplines; namely non-
symmetrical bifactor models (Figure 17) - bifactor S-1 or SI-1 models (Eid, 2020;
Eid et al., 2017). These can be used when the group factors are not interchangeable
indicators (i.e., random effects), and are structurally different (i.e., fixed effects) — as
is usually the case when researchers conceptualize facets or domains. These allow
for estimation of correlation among group factors — which in the canonical bifactor
model are constrained to zero by definition (Holzinger & Swineford, 1937) — and use
a group factor or general measures of a construct to establish a reference frame
based on previous theory, instead of allowing for data’s intricacies to do so by
collapsing specific indicators or entire group factors — anomalies which are usual in

the estimation of canonical bifactor models (Eid et al., 2017).

Scoring implications

Summation of indicators to obtain an approximation of the position of each
individual on the latent variable is one of the most common uses for scales and
measurement instruments in applied settings (c.f. Avila et al., 2015; McNeish & Wolf,
2020; Nunnaly & Bernstein, 1994). This assumes that all indicators are equally
weighted (i.e., unit-weighted), and represents one of many unrefined approaches to
derive weights (c.f., DiStefano et al., 2009). Other options include optimal weighting
(i.e., using loadings, or factor coefficients derived from CFA), and refined
approaches which use all available information to produce factor scores. However,
due to specific nuances of the common factor model (i.e., factor indeterminacy,
Grice, 2001), extracted factor scores might be not be adequate for individual-level
analysis or interpretation. Despite being a simple, viable and robust alternative in

many settings (Dana & Dawes, 2004; McDonald, 1999), sum-scores’ adequacy rests
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on the dimensionality of the scale or instrument in question (Reise, Bonifay, et al.,

2013).
(F1) Unidimensional Physical (F2 & F3) Correlated Factors
Literacy @ @
o

(F4) Hierarchical

767,30
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74 .76 33 68 34 38
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Figure 17. Factor-based models estimated in the study, standardized factor loadings are presented in F6
Legend: PL — Physical Literacy, MA — Manipulative-Based Activities, SA — Stability-Based Activities, PC — PACER, PU —
Push-ups, CU — Curl-ups, MT — Motivation, CN — Confidence, ER — Emotional Requlation, PR — Physical Regulation, ET —

Ethics, CB — Collaboration, RL — Relationships, CL — Culture, CK — Content Knowledge. Marker indicators are colored red,;
error terms are omitted for clarity; F2 is equal to F3 without freely estimated covariances between indicators.

When there is evidence of a strong factor underlying the results (with high indicator
loadings), then the correlation of the derived total sum-score with the true factor
score will be high. Otherwise, the use of scores for each of identified domains (as in
the correlated factors model) might be justified (Reise et al., 2000). To assess the
tenability of a total score, along with eventual subscales scores, a bifactor model can
be fit, and various model-based indices derived (Reise et al., 2010; Reise, Bonifay, et
al., 2013; Rodriguez et al., 2016). These allow the researcher to evaluate the amount
of variance accounted by the general factor and group-factors (specific domain),
and whether their strength warrant statistical or empirical interpretation. It also
allows to test whether the use of a unidimensional model in SEM settings would

adequately convey the general trait, or whether a bifactor model should be fit.
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Formative measurement

Ontological and conceptual issues

Two different views exist within this perspective according to the conceived
ontology of the construct, causality, error, conceptual unity of its indicators, and
subsequent estimation: a) causal indicators, b) composite indicators (Bollen &
Bauldry, 2011). We will firstly address their differences, and later describe their

similitudes.

Causal indicators

Similarly to the reflective approach, a latent variable is still posited to exist, however,
instead of it accounting for the variation in its indicators, causal indicators form, or
influence the latent variable (Brown, 2015; Diamantopoulos, 2008). Included
indicators of a construct must share conceptual unity (i.e., pertain to the same
concept), and must cover all possible content domains of the construct (Bollen &
Diamantopoulos, 2017). Measurement error is conceived at the construct-level
through the estimation of a disturbance term, and it is posited to account for
possible unincluded indicators or facets (Bollen & Bauldry, 2011; Diamantopoulos &

Siguaw, 2006).

Estimation of this type of models can only be achieved in covariance-based methods
(i.e. CFA or factor-based SEM) (Sarstedt et al., 2016) by specifying two emitted paths
from each causal-formative variable (Bollen, 1989) — either intended outcomes, or
direct reflective measures of the same construct (creating a multiple indicators-

multiple causes model).

Composite indicators

Conversely to both earlier approaches, constructs defined by composite indicators
(i.e., emergent variables, composites or artifacts; Henseler, 2021) have no ascribed
existence independent of measurement (constructivism) and thus, are created for
mostly analytic purposes (operationalism) (c.f., Borsboom et al., 2003; Edwards,
2011). Included indicators need not share conceptual unity (Bollen & Bauldry, 2011),
and are assumed to completely define the construct (Henseler, 2021), since no error

term is estimated— neither at item, nor construct-level (Figure 18).

Composite estimation is best done through variance-based methods (i.e.,

composite-based) (Sarstedt et al., 2016), and one of the its many available
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estimators — with the most studied estimator being Partial Least Squares (PLS;
Schuberth et al., 2018). In this framework, identification of the composite requires

only a connected construct (i.e., non-isolation condition; Schuberth et al., 2018).

(C1 & C1b) Single first-order

Physical
Literacy

Physical

Literacy
(e8] [re] [et]

Figure 18. Composite-based models estimated in the study

Legend: PL — Physical Literacy, MA — Manipulative-Based Activities, SA — Stability-Based Activities, PC — PACER,
PU - Push-ups, CU — Curl-ups, MT — Motivation, CN — Confidence, ER — Emotional Regulation, PR — Physical
Regulation, ET — Ethics, CB — Collaboration, RL — Relationships, CL — Culture, CK — Content Knowledge

Similitudes

Despite the aforementioned differences, both formative approaches share the fact
that constructs are estimated as addictive - i.e., a linear combination of weighted
indicators (Law et al., 1998). These constructs are multidimensional by definition,
formed by indicators that each capture a non-redundant facet of the concept; as
such, removal of any indicator will change the meaning of the estimated construct
(Bollen & Bauldry, 2011; Diamantopoulos & Siguaw, 2006; Henseler, 2021). These
constructs are not limited to a single first-order conceptualization, and can take a
similar multitude of structures implied by the reflective measurement paradigm,
including a) correlated first-order and b) higher order models (c.f., Schuberth et al.,

2020).

Theoretically, no degree of correlation among indicators is required (Bollen &
Diamantopoulos, 2017; Henseler, 2021), since a change in one indicator might not

be accompanied by change in all indicators (Avila et al., 2015); in practice, high levels
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of correlations among indicators can cause issues of multicollinearity that difficult

interpretation of parameters (Cenfetelli & Bassellier, 2009; Rigdon, 2012).

Scoring implications

The main difference regarding scoring in formative models is that the score loses its
conceptualization as a position on a posited trait, and is rather equated to an index
— a summary of data reduction (c.f., Borsboom et al., 2003). As such, a simple sum-
score might provide a parsimonious estimate, at the cost of distinct information in
each indicator (Coltman et al., 2008), especially when correlations among indicators
are low (Howell et al., 2007). As in the reflective model, usage of differential weights
might be an option to address this issue. An advantage of composite-based methods
is the inherent determinacy of construct scores (Esposito Vinzi et al., 2010) — since
they represent linear combinations of weighted estimates. As such, weighting
indicator scores by their regression weights will be equivalent to the estimated

construct scores.

Other implication, albeit disputed (Bollen, 2007), is that of susceptibility to
interpretational confounding in weight estimates - i.e., difference in the weights
attributed to each indicators depending on the variables used to identify the model
(Aguirre-Urreta et al., 2016; J. R. Edwards & Bagozzi, 2000; Guyon & Tensaout, 2016;
Howell et al., 2007). This is also argued to compromise theoretical development
(Wilcox et al., 2008) and meaningful interpretation of the construct (Bagozzi, 2011),
since the same construct might change depending on the nomological network into
which it is inserted. In order to resolve this issue, some researchers suggest the use
of predetermined weights based on theory (Avila et al., 2015; N. Lee & Cadogan,
2013), or revert to the simpler solution: unit weights (Cadogan & Lee, 2013; Henseler,

2021; Rigdon, 2012).

Methods

Participants

A sample of 521 (58% female) grade 10-12 students (Mg = 16, SD= 1 years) from 6
public schools in Lisbon’s metropolitan area was used (25 classes, 22 different PE
teachers). Sampling procedures and full sample characteristics are detailed in prior
work (Mota et al., 2022c, 2022a). Briefly, recruitment was stratified by grade, and

course major according to population percentage quotas. Schools from diverse
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socioeconomic backgrounds were chosen to increase sample representativeness.
Student sample was 58% composed of female, with a mean age of 16 years (SD =1).
A participant flow is available in Figure 19. A minimum sample size of 275 was
initially chosen based on a power analysis conducted in WarpPLS software (Kock,
2020), using the Inverse Square Root Method (Kock & Hadaya, 2018), for aminimum
absolute path coefficient of .15 and power of .80. This sample size also conforms to
guidelines posed for CFA (Mokkink et al., 2018; Prinsen et al., 2018; Wolf et al., 2013).
Data collection took place between January and March 2021. PPLA-Q was self-
administered (students) both in a pen and paper and online format, in the presence
of the lead investigator, PPLA-O was self-administered (PE teachers) using a

spreadsheet.

Eligible students
N=611

Consent signed
N=521

Missed class on
application day
n=13

Did not participate in
PE lessons due to injury
n=6

PPLA-Q completed
N =508

Pen and paper (n = 60)

Online (n = 448)

PPLA-O completed
N =515

Included in CFA analysis

N =521
Non-complete data
n=78

Included in CCA analysis
n =443

Figure 19. Portuguese Physical Literacy Assessment Validation studies participants flowchart; CFA —
Confirmatory Factor Analysis; CCA — Confirmatory Composite Analysis

Measures
PPLA measures

Physical domain

The Physical domain of the PPLA was assessed through the PPLA-O (Mota et al.,
2022a), an instrument that integrates teacher-reported data into the same PL
framework as other domains. It is composed of two modules: Movement Competence,
Rules and Tactics (MCRT) and Health-related fitness (HRF). The MCRT includes two
scores — Manipulative-based activities, and Stability-based activities — and these
were calculated through a two-factor Graded Response Model (GRM; an Item
Response Theory model), with previous evidence for its construct validity and

reliability (Mota et al., 2022a): estimate of empirical reliability of .89 and .73; these
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scores summarize the general movement competence (including tactical decision
and rule knowledge) of the student in physical activities which elicit mostly
manipulative movement skills (e.g., team-sports), and which elicit mostly stability
movement skills (e.g., gymnastics). To facilitate interpretation factor scores derived

with expected a-posterior (EAP) were transformed into a 0-100 score.

Health-related physical fitness module included seven indicators, all assessed
through existing FITescola® protocols (Dire¢do-Geral da Educa¢do & Faculdade de
Motricidade Humana, 2015), in three major subareas: 1) Cardiorespiratory endurance
was assessed through the 20-meter Progressive Aerobic Cardiorespiratory
Endurance Run (PACER), using the number of laps completed; 2) Muscular Endurance
was assessed through the Curl-Up, and the 90° Push-Ups protocols, both in number
of executions; 3) Flexibility was assessed through the Backsaver Sit and Reach (lower
body) measured in centimeters for each leg, and Shoulder Stretch (upper body) -
with binary coding (unable/ able) for each arm — protocols. All these protocols are
routinely applied by PE teachers and are part of teacher’s initial formation

curriculum.

Psychological domain

The Psychological domain included four indicators assessed through the PPLA-Q:
Motivation, Confidence, Emotional Regulation, and Physical Regulation. All these
indicators consisted of the total summed score of responses in each respective scale
(composed of seven, nine, seven and eight items, respectively), and then
transformed into percentage of maximum points (0-100 score) to normalize
different number of items in each scale. All scales have been calibrated through
Mokken Scale Analysis (e.g., Sijtsma & van der Ark, 2017) using non-parametric
Item Response Theory models (IRT), and have shown evidence supporting adequate
score reliability (Molenaar-Sijtsma’s p of .83 to .94; Molenaar & Sijtsma, 1984) and
construct validity in this sample (Mota et al., 2022¢): dimensionality (Loevinger’s H
of .47 to .66; Molenaar, 1990), discriminant validity (disattenuated correlations
between subscales of .27 to .73) and convergent validity. To facilitate interpretation,
these and all measures in the Social domain below, were transformed in a 0-100

score.
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Social domain

The Social domain included four indicators: Culture, Ethics, Collaboration and
Relationships. These indicators followed the same logic as the those of the
Psychological domain presented above, using a total summed score across seven,
and six items (for the last three mentioned subscales), respectively. Previous
validation using Mokken Scale Analysis (Mota et al., 2022c) resulted in adequate
score reliabilities (p of .86 to.91) and construct validity (Hof .54 to .64; disattenuated

correlations of .18 to .74).

Cognitive domain

The Cognitive domain was assessed through a single indicator: Content Knowledge.
Its score was derived from calibration of an IRT model (mixed 2-parameters nested
logit and graded response model) on 10 response items dealing with knowledge in 5
main content themes, which was then transformed to percentage metric to facilitate
interpretation (Mota et al., 2022b). This calibration gathered evidence on construct
validity and score reliability of the test (marginal reliability of .60) to distinguish
students with descriptive (Foundation) knowledge from those with higher analytical
knowledge (Mastery). Factor scores derived with expected a-posterior (EAP) were

transformed into a 0-100 score.

Self-reported physical activity

The short form of the International Physical Activity Questionnaire (IPAQ-SF; Craig et
al., 2003), as used in the National Food, Nutrition and Physical Activity Survey
(Lopes et al., 2017) was used to obtain weighted estimates of each intensity of
physical activity per week (MET/min/week). Data cleaning and coding procedures
follow the recommendations of the IPAQ Research Committee (2005). No total
summed score was used since this instrument has shown different validity across
intensities (Kim et al., 2013; P. H. Lee et al., 2011); and since it is tenable that different

intensities might interact differently with the different domains of PL.

Statistical analysis

All statistical analysis used RStudio 1.4.1106 (RStudio Team, 2020), with R 4.0.1 (R

Core Team, 2020). Missing data and descriptive statistics were computed using the

packages naniar (Tierney et al., 2021) and psych (Revelle, 2021), and are available in

Table 37. To test whether the Missing Completely at Random (MCAR) missing
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mechanism was plausive, Little’s test (1988) was employed, with a resulting
statistic of x> (593) =791.65 , p < .001 with 38 missing patterns, resulting in evidence
against MCAR. Since missing data most likely originates from students who missed
class on the day of measures’ application, it is tenable to assume that data is Missing

at Random.

Data was also screened for univariate and multivariate normality with Shapiro-
Wilk’s (Shapiro & Wilk, 1965) and Mardia’s test (1974), through the MVN package
(Korkmaz et al., 2014) — shoulder stretch had to be removed from the later test to
achieve convergence, due to being a binary indicator. Results of the univariate tests
are presented in Table 37, for each measure; these results, complemented by
statistically significant Mardia‘s statistics (Mardia skewness = 2739.39, p <.001;

kurtosis = 13.33, p<.001) render any normality assumption untenable.

Data was screened for multivariate outliers using Minimum Covariance
Determinant approach (Leys et al., 2019) through the Routliers package (Klein &
Delacre, 2021), highlighting 69 multivariate outliers. Sensitivity analysis revealed
no differences in model fit or parameters in the main analysis, and so outliers were
kept. Bivariate Pearson and polyserial correlations between measures were obtained
in polycor (Fox, 2019) and are available in Table 38. For factor-based analysis, the

Push-ups indicator was multiple by a factor of 2 to rescale its variance.

Table 37. Descriptive statistics for measures in the PPLA-Questionnaire and PPLA-Observation

(N=521)

. .. . Univariate normality
Variable n missing (%) M (SD) Median Shapiro-Wilk W p-value
Self-Reported
PA

Vigorous? 22 (4.2) 2071 (2084.2) 1440.0 .85 <.001
Moderate? 26 (5.0) 1071 (1122.2) 720.0 .80 <.001
Walking? 26 (5.0) 767.5(950.1) 396.0 .76 <.001
PPLA-O
Measures
PACER 22 (4.2) 49.5 (22) 44.0 .93 <.001
Push-ups 26 (5.0) 18.1(9.6) 18.0 .93 <.001
Curl-ups 23 (4.4) £48.6 (21.7) 45.0 .91 <.001
Shoulder
Stretch
(frequency of
achievement)
Right 83 (15.9) 95% 21 <.001
Left 83 (15.9) 89% 37 <.001
Sit and Reach
(cm)
Right 85 (16.3) 30.7 (8.3) 31.0 .99 .009
Left 84 (16.1) 30.2(8.2) 31.0 .99 .006
Manipulative
-Based 6(1.2) 54.9 (21.8) 55.4 .99 .076
activities®
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Table 37. Descriptive statistics for measures in the PPLA-Questionnaire and PPLA-Observation

(N=521)
. s . Univariate normality

Variable n missing (%) M (SD) Median Shapiro-Wilk W p-value
Stability-
based 6(1.2) 43.4(16.4) 43.7 .98 <.001
activities®

PPLA-Q

Measures
Content
Knowledge® 68.8 (15.2) 70.0 .99 <.001
Motivation® 74.9 (14.8) 77.1 .97 <.001
Confidence® 68.4 (16.8) 68.9 .98 <.001
Emotional
Regulation® 13 (2.5) 69.9 (14.6) 1.4 .98 <.001
Physical
Regulation® 75.1(12.2) 75.0 .98 <.001
Culture? 58.7 (19.5) 57.1 .98 <.001
EthicsP 81.5 (11.9) 83.3 .92 <.001
Collaboration® 85.0 (11.4) 86.7 .94 <.001
Relationships® 77.7 (13.5) 80.0 .97 <.001

PACER - Progressive Aerobic Cardiovascular Endurance Run
AMET/week; * Maximum score = 100

Confirmatory factor analysis

Since PPLA is based on the Australian Physical Literacy Framework (APLF; Sport
Australia, 2019), a clear rationale for factorial structure has already been laid out
(Mota et al., 2021). We employed CFA to test the previously hypothesized model
structure against other tenable competing models presented in the literature
(Cairney et al., 2019; Gunnell et al., 2018), assuming a reflective measurement
model. Six models were estimated (Figure 17): F1) unidimensional, F2 and F3)
correlated first-order factors, F4) second-order, F5) canonical (symmetric)
bifactor, F6) bifactor S:I-1. All models were estimated in lavaan 0.6.9 (Roseel, 2012),
using raw data as input. All variables were specified as continuous, and given the
violation of multivariate normality, robust maximum likelihood estimation (MLR)
with robust “Huber-White” standard errors (Huber, 1967) and a scaled test statistic
(equivalent to Yuan-Bentler T2*; Yuan & Bentler, 2000) was used. Given the
existence of missing data on many variables, and assumption of MAR, Full
Information Maximum likelihood (FIML; Arbuckle, 1996) was used to estimate

unbiased parameters (Dong & Peng, 2013).

In all models, the metric of latent factors was fixed by using the first indicator as
marker. Error covariances were constrained to zero, unless otherwise specified. In
all multiple factors models, the Cognitive factor was specified as a single indicator
factor, and its error variance was constrained to (1- reliability) *variance*(indicator)

(Gana & Broc, 2019; R. B. Kline, 2016). Estimation of the last three models (F4-F6)
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used bounded parameters to stabilize the solution (Jonckere & Roseel, 2021). Initial
estimation of model F5 resulted in a negative variance (Heywood case); changing
the marker indicator resolved this issue. For the sixth model, a 5-point direct
indicator of PL (“I can lead a healthy and active life”) was inserted into the model. A
sensitivity analysis compared MLR estimation with WLSMV estimation, with no
substantial differences in fit indices or parameters (WLSMV CFI= .96, RMSEA = .05
[.04,.06], SRMR = .033), as such, we present the results for the MLR estimation for

comparability with other models.

Model fit and selection

Robust chi-square statistic, along with the Standardized Root Mean Square Residual
(SRMR) were used to assess the absolute fit of each model to the data, while the
robust versions of the Root Mean Square Error of Approximation (RMSEA) — along
with its 90% confidence interval — and the comparative fit index (CFI) were used as
indexes of approximate fit of the model. Guided by suggestions from the literature
(Hu & Bentler, 1999; Schreiber et al., 2006) cut-offs of SRMR < .08, CFI = .95 and
RMSEA < .06 — with .10 not included in its 90% confidence interval — as guidelines
for quantifying global fit, rather than as strict rules (F. Chen et al., 2008; Gana &
Broc, 2019; Marsh et al., 2004). For model comparisons we used scaled chi-square
difference tests (Satorra & Bentler, 2001; with a significance level of .05), as well as
information-based indices Akaike Information Criteria (AIC; Akaike, 1998), and
Bayesian Information Criteria (BIC; Schwarz, 1978) — with lower values indicating
better model fit. Local fit of the models was assessed through examination of the
modification’s indices and standardized covariance residuals (with a cutoff of

|1.96|; Brown, 2015).

Convergent and discriminant validity

In the interest of brevity, the mean of standardized factor loadings was used to
summary and assess convergent validity of each factor; these were evaluated as
excellent, very good, good, fair or poor when higher than .71, .63, .55, .45 and .32,
respectively (Comrey & Lee, 1992). Only solutions that achieved acceptable or
borderline global fit were summarized. Correlations among factors were used to

assess discriminant validity with a threshold of r<.85 (Brown, 2015).
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Variance and reliability

For the final selected model (i.e., asymmetrical bifactor), coefficient omega
(McDonald, 1999) was calculated for both the general (w), and group factors (ws) to
quantify the total-score reliability, and subscale-score reliability; a value higher
than .70 was considered acceptable (Nunnaly & Bernstein, 1994), and a value higher

than .80 good (Price, 2017).

Omega hierarchical (McDonald, 1999) was also calculated at general (wn) and group
level (wrs). wnwas used to evaluate tenability of interpretation of a sole total score,
with a threshold of .80 (Dueber, 2020; Rodriguez et al., 2016). wnsfor group factors
were used in tandem with Explained Common Variance by each group factor (ECVss)
to assess whether use of subscales add unique information, as proposed by Dueber

(2020).

Explained Common Variance (ECV; Sijtsma, 2009) and percentage of
uncontaminated correlations (PUC; Reise, Scheines, et al., 2013) were used as
measures of essential unidimensionality of the general factor to assess whether a
measurement model for use in SEM can be tenably specified as unidimensional,
without considerable bias. Complementarily, indicator-level ECV (I-ECV; Stucky &
Edelen, 2015) indexed the common variance attributable to the general factor in
each indicator. All aforementioned indices were calculated using the

BifactorIndicesCalculator package (Dueber, 2021).

Composite Confirmatory Analysis
Our initial postulated model conceptualized PL and its domains as composites, as
such we used Composite Confirmatory Analysis (CCA; Schuberth, 2020) to mimic the

analysis done through CFA and compare both measurement models.

All composite models were estimated in cSEM 0.4.0.9000 (Rademaker & Schuberth,
2020) using the PLS estimator with 1000 bootstrap replications. All cases with
missing data on any of the study variables were deleted (final N= 443) since no other
options are available in cSEM at the time of writing. In parallel with the CFA
analysis, three models were estimated in mode B (Figure 18): C1) a single composite
model, C2) a correlated composite model, C3) and a second-order model of PL (using
the “two-stage approach”; Schuberth et al., 2020; van Riel et al., 2017); no bifactor

model was estimated since no literature exists to substantiate it in composite
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fashion. To assess the impact of unit-weights, models constrained to equal weights
for each indicator in the respective composite were estimated. To identify the
models, three single-indicator factors (one for each intensity of self-reported PA)

were inserted into the model as outcomes of the modelled composites.

Bootstrapped-based (1000 replications) overall tests of model fit (d. and ds) and
SRMR were used to assess global fit of the model against a saturated model (good
fitting model as having a lower value that its 95% quantile distribution, and
tentatively SRMR < .08; Benitez et al., 2020; Henseler, 2021). Root Mean Square
Residual Covariance (RMS,) was used as secondary measure of model fit, with a cut-
off of .012 (Henseler, 2021). The magnitude and statistical significance (at p <.05) of
indicator was used as measures of local fit. Multicollinearity was assessed with a
combined analysis of indicator correlations and the Variance Inflation Factor (VIF)
(Cenfetelli & Bassellier, 2009) to identify possible suppressor effects among

variables.

Results

Preliminary Analysis

Bivariate correlations between all indicators displayed results compatible with the a
priori factorial structure: indicators theoretically in same factor (domain) correlated
higher with indicators in the same factor that with those of other domains (Table
38). An exception to this, were the correlations of the flexibility indicators (shoulder
flexibility and sit-and-reach) which displayed either no correlation, or low negative
correlations with other indicators postulated to be in the Physical domain (PACER,
Push-ups, Curl-ups, and Movement Competence factors); and seemed to cluster only
with the measure of the other limb (e.g., right shoulder with left shoulder). As such,

we chose to remove these indicators from the following models.

Confirmatory Factor Analysis

Model fit

The bifactor S.I-1 model (F6) showed the best absolute fit (SRMR) and relative fit
(CFI and RMSEA) to the data (Table 39), attaining an acceptable fit to the data— a
statistically significant x> ruled out an excellent fit. The symmetrical bifactor model
also achieved acceptable values in all indices. Despite not achieving acceptable fit by
conservative standards, models F3 and F4 had fit indices close to more lenient

168



Portuguese Physical Literacy Assessment (PPLA)

standards of .90 for CFI, and borderline to RMSEA and SRMR of .08 (e.g., Gana &
Broc, 2019).

There was an improvement in model fit for the baseline correlated factors (F2) over
the unidimensional Fi. Analysis of modification indices (MI) for the F2 model
revealed several large values (largest MI = 372.25); however, only two theoretically
plausible modification emerged: a) to free a residual covariance between both
indicators of Movement Competence (Manipulative-based activities and Stability-
based activities) as this might be due to a teacher’s observation method factor; and
b) between the Emotional Requlation and Physical Regulation indicators , given shared
similarities in wording and structure of the items. We specified a post-hoc error
covariance between these indicators, resulting in the F3 model, which were kept for

testing in further models. F3 was an improvement over F2 according to all indices.

MI analysis of F3 suggested that the model could be further improved by allowing a
cross-loading of the Culture indicator on the Psychological factor. While this might
be theoretically defensible — as some items in this scale deal with similar self-
related concepts to those of the latter factor — we chose to keep this parameter
constrained since the following bifactorial specification would assess whether a
general trait could best account for this implied correlation. Fitting the hierarchical
solution (F4), provided a worse fitting solution comparing to F3, with large MI
(>1000) and an inadmissible estimate of 1.0 (disturbance = 0) for the second order
loading of the Psychological factor. Alternatively fitting the symmetrical bifactor
solution (F5) resulted in an improvement over F3, however MI analysis revealed that
the largest MI (55.51) regarded a correlation between two group factors (Physical
and Psychological, the two highest correlating first-order factors in the F3
solution); as such, we fit the asymmetrical model (F6) which resulted in better
overall indices and lower MI and most residuals below the |1.96| threshold. No direct
comparison between was possible due to the insertion of a global indicator of PL to

estimate Fé.
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Table 38. Pearson and polyserial bivariate correlation matrix

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 1. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21.
1. Self-Reported PA —

Vigorous

2. Self-Reported PA — 3

Moderate 3

3. Self-Reported PA —

Walking 25 36

4. PACER 31 .01 -.04

5. Push-ups 29 .03 -.07 .61

6. Curl-ups 24 .05 -.03 WA WA

%‘izﬁgulder Stretch. -13 -.02 -.08 -.03 .08 24

8. Shoulder Stretch. Left -.10 -.05 -.06 -.02 -.04 .00 .75

9. Sit-and-reach Right -.09 .05 -.03 -14 -.07 -.05 31 .32

1. Sit-and-reach Left -.07 .08 .01 -14 -.05 -.01 32 .30 .93

11. Manipulative-Based 23 05 o1 37 43 34 -23 -25 -23 -22

Activities

12. Stability-Based

Activities 18 .06 -.01 31 .35 27 -06 -1 -.03 -.01 .79

13. Content Knowledge -01 -.08 -.07 17 .10 .10 19 -.03 15 14 -.06 -.05

14. Motivation .45 13 .03 WA .35 .30 -.05 -.04 .05 .09 33 31 .09

15. Confidence .40 .10 .04 .49 45 37 -.08 .02 -.01 .03 37 .33 .02 73

16. Emotional Regulation .06 .06 .05 19 21 11 -13 -.04 -.03 -.02 16 14 .03 .28 L2

17. Physical Regulation 24 .10 14 .28 .19 .25 -13  -.09 .05 .06 .20 17 .06 .50 .56 WA

18. Culture 31 16 .06 26 22 23 -.10 .07 .10 .10 21 .20 .10 47 46 .16 .36

19. Ethics .03 .03 13 -.08 .01 .04 -.03 .03 A1 13 .05 .04 A1 21 16 23 .32 16

20. Collaboration .08 .07 .06 -13 .01 .02 -.15 -.09 .05 .07 .04 .01 .04 23 19 17 32 23 .63
21. Relationships 21 .10 13 .07 .07 .07 -17 -.05 -.03 ~-.01 13 14 .03 .36 .39 .20 .39 34 42 .63

PA — Physical Activity; PACER — Progressive Aerobic Cardiovascular Endurance Run
Note: all correlations with Shoulder Stretch variables are polyserial correlations
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Table 39. Model fit, mean factor loadings and inter-factor correlations for factor-based models

First-order models

Second-order models

Fit measure Unidimensional Correlated Correlated . . . Bifactor ST -1

(F1) Factors(F2) Factors (F3)° Hierarchical (F4) Bifactor (F5) (F6)
MLRy? 1217.07 (77), p 675.20(72), p 329.15(70), p 378.38(72),p 182.02(62), p 160.62 (69),

<.001 <.001 <.001 <.001 <.001 p<.001
Robust CFI .55 .78 .90 .89 .95 .97
Robust RMSEA [90%CI] 181[.17,.19] 13 [12,.14] .09 [.08,.10] .09 [.08,.10] .07[.06, .08] .05 [.04, .06]
SRMR 12 A1 .09 .09 .06 .04
AIC 58075.108 57452.753 57110.133 57150.092 56991.07
BIC 58253.850 57652.773 57318.665 57350.112 57233.65

Fivs F2: F2vs F3: F4 Vs F3: F3vsF5:
x2 robust different test x2=319.51,Adf x2=7338.7,Adf x2=15135Adf x2=712.34,Adf
=5,p =<.001 =2,p=<.001 =2,p=<.001 =8,p=<.001

Mean factor loadings
General 44 (.20) .46 (.20)
Physical .61(.15) 44 (16) .51(.17)
Psychological .69 (.21) 32 (.14) .30 (.22)
Social .65 (.22) .55(.36) .48 (.37)
Cognitive 77 .77 .77
Factor Correlations (SE)
Physical ~ Psychological .67(.03) 48 (11)
Physical ~ Social .02 (.06) -.33(.07)
Physical ~ Cognitive .19 (.06) .14 (.08)
Psychological ~ Social .42.(.07) -.20 (.12)
Psychological ~
Cognitive .06 (.06) -.14(.09)
Social ~ Cognitive .09 (.07) .00 (.06)

CFI — Comparative Fit Index; RMSEA — Root Mean Square Error of Approximation; MLR — Maximum Likelihood Robust; SRMR — Standardized Root
Mean Square Residual; AIC — Akaike’s Information Criteria; BIC — Bayesian Information Criteria; SE — standard error
aCorrelated residuals between Emotional Regulation and Physical Regulation, and Manipulative-based Activities and Stability-based Activities
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General Physical Psychological Social Cognitive
. . . . Standardize _
Subtest Standardized g2 Standardized S Standardized g2 Standardized S dloadin S I-ECV
loading (SE) loading (SE) loading (SE) loading (SE) (SE) &
PL Global .76 (.03) .58 1.00
Manipulative-
Based Activities 30 (.05) 09 41(.06) 17 35
Stability-Based
Activities .30 (.05) 09 .32(.06) .10 46
PACER .41 (.05) 16 .70 (.04) .49 .25
Push-ups .35 (.05) 12 .67 (.05) 45 21
Curl-ups .35 (.05) 12 44, (.05) 19 .38
Motivation 74 (.04) .55 31(.11) .10 .85
Confidence .76 (.04) .58 .58 (.08) 34 .63
Emotional
Regulation .33 (.06) 11 .28 (.08) .08 .58
Physical
Regulation .68 (.04) 47 .04 (.09) .00 .996
Ethics .34 (.06) 12 .54 (.04) .30 .28
Collaboration .38 (.06) 14 .91 (.06) .83 .15
Relationships .54 (.04) .29 47 (.04) 22 .57
Culture .57 (.04) .33 .01 (.05) .00 .999
Content
Knowledge .11 (.05) .01 .77 (.02) .59 .02
ECV/ ECVss 49 71 .23 .61 .98
w/ws .89 .76 .82 .80 .60
wi/ WHS 71 .52 15 42 .59
PUC

PL — Physical Literacy; S*-squared standardized loading; SE — standard error; PACER — Progressive Aerobic Cardiovascular Endurance Run; ECV — Explained Common Variance; PUC — Percentage of Uncontaminated
Correlations; I-ECV — item ECV; ws — Omega coefficient subscale; wn; wss — Omega hierarchical coefficient / omega hierarchical subscale
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Convergent and discriminant validity

Model F3 mean factor loadings were mostly very good, with correlations between
factors ranging from .01 to .66 supporting discriminant validity. The correlation
pattern was uneven, with the Psychological factor showing moderate correlations
with only the Physical and Social factors — other factors had negligible to low

correlations.

Mean factor loadings in the group factors of the F5 and F6 solution were lower than
in F3. This was expected since in these models, the group factors represent residual
variance not explained by the general factor. Between these models, there was a
marginal increase (A = .02) in mean factor loadings in the general factor, and

concomitant reduction in two of the group factors (i.e., Psychological and Social).

In the asymmetrical bifactor model (F6), 3 indicators had excellent loadings on the
general factor (Physical Literacy), 1 had very good, 1 had good, and the remaining 7
indicators had borderline (~.32) to poor loadings — out of these, Content Knowledge
had no statistically significant loading (Table 40). Loadings on the group factors
(residual variance not explained by the general factor) ranged from .32 to .70, .04 to
.58, .01 t0 .91, and .77, on the Physical, Psychological, Social and Cognitive domain
respectively; except for the indicators in the Psychological domain, all indicators
had on average higher loadings on their group factors than on the general factor
(Table 39). After accounting for the general factor (Physical Literacy), half of the
inter-factor correlations became negative, with the remaining three showing a
decrease in their positive correlations - this effect was negligible in the case of the

Physical ~ Cognitive correlation.

Variance and reliability

Regarding model-based reliabilities in the final model (F6), the total PL score (i.e.,
summing all indicators, after normalization) attained good reliability, being
estimated that 89% of its variance were due to both the general and group factors (w
=.89), and the remaining 11% due to error. An estimated 71% of total score variance
was due to individual differences in the general factor (wu = .71; this wa value is lower
than the tentative .80 for meaningful interpretation of the total score in isolation
(Dueber, 2020; Rodriguez et al., 2016). Reliabilities for the subscale scores were all

adequate or good, except for the Cognitive score (ws from .60 to .82). Based on the
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relationship between wsand wss, three subscales attained the recommended cut-offs
for adding statistical value over and beyond that of the total score (recommended

wns = .212,.192, .192 and .244, respectively).

Similar results were estimated by the ECV: 46% of the total common variance
(inherent to both general and group factors) is explained by the general factor (Table
£40). Of all indicators, only three (Motivation, Physical Requlation, and Culture),
achieved the tentative .80 - .85 cut-off for I-ECV (Stucky & Edelen, 2015) and can be
regarded as essentially being influenced by the general trait alone. Most reliable
variance in indicators was explained by their respective group factor, resulting in
marked dimensional uniqueness, except in the Psychological factor (ECVss = .56, .22,
.71 and .99 respectively for the Physical, Psychological, Social and Cognitive group
factors). Based on ECVs and ws, all group factors attain the recommended value for
dimensional uniqueness (i.e., warrant interpretation) (recommended ws=.479, .815,
.479 and .479; Dueber, 2020). Finally, 77% of all correlations were saturated by the
general factor (PUC =.77), bordering on the 80% recommendation (Reise, Scheines,
et al.,, 2013) for consideration of essential unidimensionality in future SEM

measurement models.

Confirmatory Composite Analysis

Model fit

The single composite models (C1 and Cib) showed the best absolute fit to the data,
with all estimated values below or bordering their critical value (Table 41)
suggesting excellent fit to the data. Both C2 and C3 models provide an acceptable fit
to the data, with estimated borderline SRMR (both cases) and RMS, (not available
for hierarchical model) below their thresholds, despite having estimated global fit
indices bordering above the critical value. In terms of unit-weighted models,
summing every indicator with equal weights to produce a total score (Cib)
reproduced the observed relationships in the model better than the alternative sum
(also with equal weights per indicator) into domain scores (assuming each domain
as an emergent variable; C2b). It is relevant to note that an alternative to model C3b
(not available directly in cSEM) would be to attribute equal weights to domain scores

and sum them into a total PL score, which would render the model equivalent to Cib.
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Variance

Standardized weights in the single composite model (C1; Table 42) ranged from -.18
to 62, with Motivation being the only indicator with a statistically significant result
— all other indicators do not contribute beyond this indicator. High correlations
(<.70) existed between some indicators, with corresponding VIF in the 2.26 to 3.14

range, suggesting existence of suppressor effects.

In the correlated composites model (C2; Table 43), standardized weights increased
for most variables as expected, given the reduced number of competing predictors
in each composite — ranging from -.23t0.53; -.22t0.70; -.24 t0.76; and 1.0 (single-
indicator composite), for the Physical, Psychological, Social and Cognitive
composites, respectively. Four indicators had non-statistically significant weights
and two were borderline (p = .05). VIF values at indicator-level were generally lower,
with all composites showing existence of high correlations among some of its
indicators, with unexpected, inverted signs in three indicators — symptoms of
suppressor effects still in play. Correlations among composites ranged from
negligible (.05) to moderate (.53) (Hinkle et al., 2003), with correlations with the

Cognitive composite being all negligible and non-statistically significant (.05 to .11).

For the most part, weights, VIF and indicator correlation kept their magnitude in the
second-order composite (Table 44), except for an increase in weights for Push-ups,
Curl-ups, Physical Regulation indicators, and decrease in Emotional Regulation and
Manipulative-based Activities. First-order weights on the second-order composite
attributed a higher relative contribution to the Psychological composite (8 =.69), in
explaining variance in the second-order composite of Physical Literacy. Analysis of
the first-order loadings (bivariate correlations) suggested that the Physical, and
Social composites (loadings = .68) were still important in composing this second-

order composite, despite explaining less amounts of variance.

175



Table 41. Model fit and inter-factor correlations for Composite—based models (C1 - C3b); n= 443

Portuguese Physical Literacy Assessment (PPLA)

First-order

Second-order

Single First-Order Four First-Order

Four First-Order

. . . . . R . . Hierarchical
Fit measure Sl(r:lgle F1r§t—0rder Compo§1te — Unit Composites Composm‘es Hierarchical _ Unit Weighted
omposite (C1) Weighted (C2) (C3) — Unit (C3) (C3b)?
(C1b) Weighted (C2b)
RMS, <.001 <.001 .04 .03
SRMR (Critical Value 95%) .050 (.054) .059 (.059) .078 (.068) .087 (.061) .071(.060) .090 (.062)
d. (Critical Value 95%) 391 (.443) 534 (.533) .928 (.707) 1.147 (.563) 767 (.547) 1.228 (.586)
dc (Critical Value 95%) .085 (.106) 118 (.113) 179 (.146) 215 (.138) 169 (.134) 224, (.140)
Construct Correlations
Physical ~ Psychological .49 (.04) .47 (.03)
Physical ~ Social .27(.06) 12 (.04)
Physical ~ Cognitive .11 (.05) .06 (.04)
Psychological ~ Social .53 (.05) .49 (.04)
Psychological ~ Cognitive .07 (.05) .05 (.05)
Social ~ Cognitive .05 (.05) .09 (.05)

RMS — Root Mean Square Error Covariance; SRMR — Standardized Root Mean Square Residual; d. — Squared Euclidean Distance; de — Geodesic Distance
®Only the first-order composite is produced by summing the indicators with equal weights; total score for hierarchical score is obtained by optimally -weighting its first-order

scores.

Note: statistically significant weights (p < .05) are boldened

Table 42. Item parameters and total effects of Single First-order Composite Models (C1 and C1b); n= 443

Composite < indicators B (SE) VIF Indicator Correlation
PL « -14-.77

Manipulative-Based

Activities 20 (:14) 288

Stability-Based Activities -.25(.13) 2.55

PACER 15 (.16) 2.03

Push-ups 12 (.15) 1.89

Curl-ups .09 (.10) 1.39

Motivation .61(.13) 2.39

Confidence 13 (.10) 3.14

Emotional Regulation -.17 (.10) 1.41

Physical Regulation .03 (.13) 1.84

Ethics -.07(.12) 1.76

Collaboration -.05(.14) 2.36

Relationships 15 (.12) 1.89

Culture 18 (.11) 138

Content Knowledge -.14 (.10) 1.10
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Table 42. Item parameters and total effects of Single First-order Composite Models (C1 and Cib); n= 443

Optimal weights (C1) Total effects g (SE) f2 R2adj.
IPAQ « PL

Vigorous .52 (.03) .36 27
Moderate .16 (.06) .03 .02
Walking .07 (.07) .00 .00
Unit weights (C1ib)

IPAQ ¢« PL

Vigorous .39 (.04) 18 15
Moderate 12 (.05) .02 .01
Walking .07 (.05) .01 .00

B — Standardized Weights; SE — standard error; VIF — Variance Inflation Factor; R*adj. — adjusted R*; PACER — Progressive Aerobic

Cardiovascular Endurance Run; PL — Physical Literacy; IPAQ — International Physical Activity Questionnaire

Note: statistically significant (p<.05) weights are boldened

Table 43. Item parameters and total effects of Four First-order Composite Models (C2 and C2b); n= 443

Composite « indicators B (SE) VIF Indicator Correlation
Physical « 1.33 29 -.77
Manipulative-Based Activities .41(.20), p=.050 2.82

Stability-Based Activities -.23(.19) 2.50

PACER .53 (.17) 1.72

Push-ups .28 (.19) 1.79

Curl-ups .22 (.15) 1.34

Psychological < 1.70 29 -.73
Motivation .70 (.13) 2.22

Confidence .40 (.15) 2.57

Emotional Regulation -.22(.11), p =.065 1.35

Physical Regulation .06 (.15) 1.64

Social ¢ 1.40 13 -.63
Ethics -.02(.22) 1.64

Collaboration -.24(.24) 2.22

Relationships .59 (.17) 1.69

Culture .76 (.14) 112

Cognitive « 1.01 -
Content Knowledge 1.0

Optimal weights (C2) Total effects g (SE) f> R?adj.
IPAQ ¢« Physical

Vigorous .19 (.05) .04 25
Moderate -.04 (.06) .00 '04
Walking -.08 (.07) .01 '02
IPAQ ¢ Psychological ’
Vigorous .36 (.05) .10
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Table 43. [tem parameters and total effects of Four First-order Composite Models (C2 and C2b); n= 443

Moderate .08 (.006) .00
Walking .04 (.07) .00
IPAQ ¢ Social
Vigorous .06 (.05) .00
Moderate .15 (.06) .02
Walking 13 (.08) .01
IPAQ < Cognitive
Vigorous =04 (.04) .00
Moderate =08 (.05). .01
. -.08(.04)
Walking .01
Unit weights (C2b)
IPAQ ¢« Physical
Vigorous .22 (.05) .04
Moderate -.00(.06) .00
Walking -.09 (.06) .00
IPAQ ¢ Psychological
Vigorous .25 (.05) .05
Moderate 11 (.06) .01 17
Walking .08 (.07) .00 '02
IPAQ < Social ’ 03
Vigorous .03(.06) .00 ’
Moderate .08 (.07) .01
Walking 12 (.06) .01
IPAQ <« Cognitive
Vigorous -.02 (.05) .00
Moderate -.08 (.04) .01
Walking -.09 (.05) .01

B — Standardized Weights; SE — standard error; VIF — Variance Inflation Factor; R?adj. — adjusted R*; PACER — Progressive Aerobic Cardiovascular Endurance
Run; PL - Physical Literacy; IPAQ — International Physical Activity Questionnaire
Note: statistically significant (p<.05) and borderline weights are boldened
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Table 44. Item parameters and total effects of the Hierarchical Composite Models (C3 and C3b);

n= 443
Composite < indicators B (SE) VIF Indicator Correlation
First Order
Physical « 29 - .77
Manipulative-Based
Activities 19 (14) 2.82
Stability-Based
Activities 09 (.14) 2:50
PACER .54 (.11) 1.72
Push-ups .21(.12) p =.072 1.79
Curl-ups .29 (.10) 1.34
Psychological «
Motivation .4/ (.08) 2.22 29 -.73
Confidence .56 (.10) 2.57
Emotional Regulation -.10 (.07) 135
Physical Regulation 16 (.08),p =.06 1.64
Social ¢ 13 -.63
Ethics .08 (.12) 1.64
Collaboration -.14 (14) 2.22
Relationships .55 (.09) 1.69
Culture .73 (.07) 112
Cognitive « -
Content Knowledge 1.0 -
Second order
PL «
Physical .27 (.13) 1.42
Psychological .69 (.13) 1.93
Social .22.(.15) 1.48
Cognitive -.14 (.10) 1.02
Optimal -weights (C5) Total effects g (SE) > R2adj.
IPAQ ~ PL
Vigorous .48 (.04) .30 23
Moderate .16 (.05) .03 .02
Walking .09 (.06) .01 .01
Unit-weights (C3b)
IPAQ ~ PL
Vigorous .41 (.04) .20 17
Moderate .14 (.05) .02 .02
Walking .09 (.06) .01 .01

B — Standardized Weights; SE — standard error; VIF — Variance Inflation Factor; R*adj. — adjusted R*; PACER — Progressive Aerobic
Cardiovascular Endurance Run; PL — Physical Literacy; IPAQ — International Physical Activity Questionnaire
Note: statistically significant (p<.05) weights and borderline weights are boldened
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All optimally-weighted approaches (C1, C2, and C3) explained similar amounts of
variance in self-reported vigorous PA, with the single composite model having
marginally higher values (R?adj. = .27; Table 42 - 43); variance explained on
moderate and walking self-reported PA was all-around negligible. Using the
correlated composite (C2) approach revealed different contributions by composite:
Psychological and Physical had a higher effect size (f2) on vigorous PA, while Social
had a low effect size on moderate PA; Cohen, 1988). Unit-weighting produced
reductions in all effect sizes compared to optimally weighted composites, with the
greatest reduction in the single composite (C1b). Again, the correlated composites
model (C2b) revealed a decrease in contributions of the Psychological composite,

with others maintaining their relative magnitudes.

Discussion

The aims of this paper were to a) establish evidence on construct validity of the
PPLA, integrating measures derived from the PPLA-Q and PPLA-O, by comparing
results drawn from factor-based methods, and composite-based methods; and b)
assess adequacy of using a PL total-score, and respective subscales. As secondary
research aim, we discuss practical and ontological implications of the different
methods for PL.

Factor-based methods

Our results from factor-based methods suggest that the best fitting representation
of a measurement model for the PPLA is an asymmetrical bifactor model (F6) with
correlated group factors. These findings were different from those found in other PL
measuring batteries. In the most recent construct validation effort of the Canadian
PL Assessment (CAPL), Gunnell and colleagues (2018) modelled a second-order
factor to account for correlations between domains of PL; they, however, did not
report fitting a bifactorial model. Similarly, in a validation of a PL. measuring model
for children and youth (Cairney et al., 2019), a second-order factor model was
chosen as best representation of the data (with a bifactorial model providing an
inadmissible solution). In our study, estimation of a second-order factor model
provided a worse fitting (compared to both a correlated factors model and bifactor

models), inadmissible solution to the data.
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We gather that this might stem from an artifact produced by an uneven pattern of
correlations among factors, which does not suggest a direct underlying common
cause (i.e., factor): while the Physical factor correlated highly with the Psychological
factor (r = .67, SE =.03; Table 39), and moderately with the Cognitive factor (r = .19,
SE = .06), it did not correlate with the Social factor (r=.02, SE = .06). Despite using
different measures, and operational definitions of the constructs (with a Daily
Behavior domain, and without the Social domain), the CAPL’s correlations among
factors followed a similar pattern, which then resulted in one of the posited first-
order factors (Knowledge and Understanding) having a low loading (.21) on the
second-order Physical Literacy factor (Gunnell et al., 2018); again, similar results
emerged in our study, providing evidence against a second-order model
interpretation, with the first-order factor mediating the effect of PL on each
indicator. A bifactorial model models direct effects of the general factor (Physical
Literacy) on indicators, with the asymmetrical version allowing for correlations
among group factors, resulting in a better fit than that of its symmetrical
counterpart - which suggests that the orthogonality constraint was overly
restrictive, and that the PL general factor fails to account for all shared variance

among domains (group factors).

Our results from the bifactor model (F6) analysis suggest existence of a common
trait underlying reliable individual variation of responses (i.e., Physical Literacy),
albeit not with the strength required for a meaningful statistical interpretation of a
total-PPLA score in isolation. Instead, complementary use of unit-weighted
subscale scores (per domain) has additional value over and beyond the single total
score since they present enough dimensional uniqueness (akin to convergent
validity in a correlated factor model). A noteworthy exception is that of the
interpretation of the Psychological subscale: since indicators on this domain seem
to be saturated by the general factor (i.e., small loadings on the group factor, with
corresponding strong factors on the general one), any interpretation of differences
on this subscale would be biased by shared variance across domains. A tentative
interpretation of this fact can be given by the prominent role of psychological
variables in predicting PA in both adolescents (Babic et al., 2014; Park & Kim, 2008),

and adults (Amireault et al., 2013); similarly, these variables might play a mediating
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roles between other domains — an hypothesis that can be researched in the future

with competing models.

Similarly, despite achieving borderline values to be considered as essentiality
measuring the single trait of Physical Literacy (PUC >.80, or ECV > .60 and wu ».70;
Reise, Scheines, et al., 2013) high values of ECVss and moderate values of wus suggest
that further research in structural equation modelling contexts should use a bifactor
measurement model for the PPLA, instead of alternative structures (i.e.,
unidimensional, or correlated factors) to capture as much information as possible
from the group factors, and avoid bias. This would also allow to test different effects

of the general factor and group factors.

Comparison with composite-based methods

On our application of composite-based methods, the single composite models (both
optimally and unit weighted) attained the best fit, with optimally weighted first-
order and hierarchical factor (C2 and C3) providing borderline adequate
approximate fit to the data. Of these, the latter provided the most interpretable
solution in terms of individual contribution of indicators since it reduces the
possibility of multicollinearity. Despite attaining excellent fit by all metrics, the
single optimal-weighted model (C1) had non-statistically significant weights for all
but the Motivation indicator. This could be explained by a) the existence of high
correlations among indicators; and b) the number of indicators estimated in the

same composite.

Although no assumptions regarding covariation of indicators is made in a composite
model (e.g., Jarvis et al., 2003), high correlation patterns among indicators — even if
VIF values are below the usual 3.3 recommendation (Diamantopoulos & Siguaw,
2006 ) — will generally result in multicollinearity, and cause suppression effects, co-
occurrence of positive and negative weights (i.e., “flipped signs”), and preclude
meaningful interpretation of these weights in general (Cenfetelli & Bassellier,
2009). Since a multiple regression is used to estimate the weights of indicators,
these are competing for explained variance (i.e., maximum average weight would be
.267, assuming 13 uncorrelated indicators; Cenfetelli & Bassellier, 2009), increasing
the chance of non-statistically significant weights to be estimated. This

phenomenon was minimized in the correlated-composites, and mainly in the
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hierarchical model (C3), where most indicators had statistically significant (or

borderline) weights, with the expected direction.

Comparing across methodologies, both the hierarchical composite model and
asymmetrical bifactor model attained similar results: in the former, both
Manipulative-based and Stability-based Activities, along with Emotional Regulation,
Ethics, and Collaboration indicators did not contribute to explain variance in their
respective composites over and beyond other indicators; while in the later the
magnitudes of standardized loadings obtained by these indicators in the general
factor of Physical Literacy, along with I-ECV were poor. A similar case occurred with
the Content Knowledge indicator, albeit in the former case, its poor performance was
carried into the first-order weight (since it was defined as a single-indicator
composite). Analyzing the first-order weights and the inverse of the ECVss (i.e.,
ECVes- 1- ECVss , variance explained by the general factor in each set of indicators;
not shown) suggests a similar pattern: the Psychological indicators contribute more
to the general factor/higher-order composite (8 = .69, ECVgs- .78), the Physical (B =
.27, ECVgs - .29) and Social (B = .22, ECVgs- .39) indicators contribution is similar,
and then the Cognitive indicator contributes marginally (B = -.14, ECVgs- .02). This
is parallel to our earlier discussion on the absorption of the most of the
Psychological indicators’ variance into the general Physical Literacy factor

(asymmetrical bifactor model).

Thus, these models could be further improved by dropping indicators with
statistically non-significant weights (Cenfetelli & Bassellier, 2009), indicators with
low I-ECV, or with poor loadings on both the general and group factors (Rodriguez
et al., 2016). This, however, would compromise content validity of the PPLA, and
meaningful interpretation of these indicators within their group factors. We
recommend that before any removal of indicators is done, this analysis should be
replicated in a large independent sample, outside of COVID19 restrictions — which
might pose unexpected effects on how different elements of PL correlate with each
other and concomitantly on the measurement models. Future development of
instruments to measure the remaining elements of the Cognitive domain (i.e.,

Tactics, and Rules) might draw a different global picture for the construct.
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Further parallels can be drawn between results in the different methodologies. In
both correlated factors models, correlations among the different domains
maintained a similar relative pattern: the Psychological domain was moderately
correlated with the Physical and Social domains, with remaining correlations being
lower. A noteworthy difference is the increase in correlation among the Physical and
Social domain in the composite model, which could be attributed to difference in

indicator weighting between models.

Regarding the structural model estimates (inner model) obtained with the
composite-based methods we will not offer an extensive discussion, since our focus
for these studies was on construct validity, and not on predictive validity. Lower
levels of PA during COVID-19 (Stockwell et al., 2021) might have had a substantial
effect on estimated paths. Nonetheless, our results establish preliminary evidence
in favor of predictive validity of the PPLA to predict vigorous (self-reported) PA, and
suggest that different domains of PL might interact differently with different

intensities of PA; a finding also reported by Belanger et al. (2018).

Summing up, evidence in favor of a measurement model with a higher-order
Physical Literacy construct (either represented by an asymmetrical bifactor or
composite hierarchical model) was mostly robust across methods, with comparable
results. Regarding use of a total summed score, the methods present slightly
different results. In the composite-based methods, total score was an adequate
representation of an emergent PL variable (i.e., being more useful than its isolated
parts; Henseler, 2021); while in the factor-based methods, this total score does not
quite reach the uniqueness (wn) needed to represent a singular latent variable. Based
on this, we advise calculation of a total summed PL score, along with domain scores,

which should be interpreted conjointly in applied settings.

Conceptual implications for Physical Literacy

Despite having achieved analogous results, both methodologies stem from different
philosophical and ontological backgrounds regarding the nature of the construct.
While from a reflective, realist perspective (i.e., factor-based methods) a bifactor
view seems the most empirically and conceptually plausible one, since it is tenable
that a transversal broadband meta-learning or disposition (i.e., common factor)

influences all different elements (here represented as indicators) in a movement
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context; with domain-specific processes, inherent to physical, affective, social and
cognitive skills’ development, originating clusters of highly interdependent
variance (i.e.,, group-factors). This also seems compatible with the APLF’s
conceptualization of a higher learning state where learning in one element is
transferable between elements and domains (Transfer and Empowerment, akin to the
Relational Abstract level of the Structure of Observed Learning Outcomes, Biggs &

Collis, 1982).

Also, if a higher-order common-factor perspective is tenable, then different
domains and elements are theoretically interchangeable (e.g., Jarvis et al., 2003)
since they are merely a sample of infinite possible indicators and facets that could
be chosen to measure Physical Literacy; and variation at PL-level should be reflected
with equivalent magnitude (after accounting for measurement error) in all domains
and indicators. While it seems certainly plausible that a different set of indicators
could be selected according to the research questions and applications at hand — as
we did when we selected from the 30 elements which the original APLF posits — it
might dimmish the integrated perspective that researchers have been seeking all
along, if no proper care is taken to ensure representation across all domains. The
asymmetrical bifactor model offers a compromise solution, as it becomes possible
to acknowledge that while indicators are interchangeable within a domain, domains
themselves are not interchangeable (Eid, 2020; Eid et al., 2017), and are essential to
defining the PL construct. Other plausible interpretations include that of PL as a
network of interconnected latent variables — similar to our F3 model, and initial
efforts of the CAPL (Longmuir et al., 2015)— that may or may not correlate. This,
however, could compromise the place of PL in educational policy discussion, since
it would present no added value as a whole variable, and could easily be picked apart

based on convenience.

From a diametrical point-of-view, viewing PL as an emergent variable (composite
indicators), through a pragmatic lens (i.e., as a composite, assumed without
measurement error or disturbance terms) could also be plausible. As such, rather
than being an existing phenomenon to be measured, PL would instead be an
umbrella term to designate and index a nomological network of variables that form
a sum higher than its individual parts to predict movement-related outcomes

throughout the life course, without a singular common cause (Bollen & Bauldry,
185



Portuguese Physical Literacy Assessment (PPLA)

2011; Bollen & Diamantopoulos, 2017). This would also recognize that selected
indicator variable might share a distal common causes mediated through a complex
chain of mediators and moderators; a vision more compatible with the epistemic
phenomenology position of the Whiteheadian school of thought, wherein each
individual might have a different pattern of correlations (including no correlation)
among domains and elements depending on their personal understanding and
development of PL. A risk, however, to this interpretation is the possibility of
interpretational confounding with data-derived weights (optimal-weights) which
could compromise the theoretical standing of the concept (Bollen &
Diamantopoulos, 2017), and similarly hinder meaningful progress on educational
policies and research, if care is not taken in interpretation and dissemination. A
possible solution for this might be the use of unit-weighted composites (as shown),

or a priori defined weights based on theory or intended usage.

Alternatively, a causal-formative framework could also be used — which is
unavailable in PLS-PM, given its composite-based nature (Benitez et al., 2020;
Sarstedt et al., 2016). According to this, the scope of PL would be directly defined by
its composing domains and would require that all domains of PL be included when
estimating the model — which would reinforce its holistic nature. This would view
PL as an aggregated latent variable composed of multiple non exchangeable
domains, whose variation could be explained by variation in only a specific set of
elements, without mandating concomitant variation in all elements (Bollen &
Diamantopoulos, 2017; Sarstedt et al.,, 2016). Further research should seek to

reconcile and/or discuss these two paradigms.

Since our results are compatible with both interpretations, we take a more practical
stance and tentatively recommend the common factor lens of analysis, as it is the
implicit foundation of both Classical Test Theory (CTT) and Item Response Theory
(IRT), affording access to a more robust analysis toolkit (e.g., FIML estimation) to
explore dimensionality, score adequacy and response patterns; as we have shown in
initial validation of the different PPLA measures (Mota et al., 2022c, 2022b, 2022a),
and in earlier sections of this article. It might also afford the possible to disentangle
the impact of different group factors on intended outcomes of PL, controlling for the

general PL factor. Nonetheless, further comparison of practical impacts on derived
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scores, with different datasets and under different conditions might be warranted

and shed light about the adequacy of the conceptual interpretation we described.

Strengths and limitations

A major strength in this study was the comparison between two different
methodologies to draw inferences about the construct validity and reliability of the
PPLA, as measured by its 13 indicators. Secondly, to our knowledge it is the first
study to demonstrate the application of bifactor models to a PL assessment tool, to
assess the adequacy of interpretation or use of scores and sub scores. Thirdly, our
study builds upon measures which have gather evidence of construct validity and
reliability at item-level using Item Response Theory methodologies, providing
more accurate estimates, as well as capability to study item quality and

psychometric behavior in detail.

Some limitations of our study include post hoc modifications to initially
hypothesized models (i.e., correlated residuals), and the need to use bounded
estimation for the factor-based higher-order models. And the use of measures for
Movement Competence based on exploratory GRM. We did not account for
multilevel grouping within data (i.e., schools and classes) which could also hold
some bias over the results. Also, despite mimicking the relative composition of grade
10 to 12 students’ population in Portugal according to both grade and course major,
our sample was a convenience one. All these points warrant caution before
generalizing any of our findings outside of this sample, without further cross-
validation with a larger independent sample, and ideally, multilevel estimation. This
is also a requirement if scores derived from PPLA are used as antecedent or

precedent variable(s) in extended studies.

Similarly, to assess whether studied relationships among constructs hold across
different population groups (e.g., sex, grade, major), measurement invariance
should be assessed for the full model, along with its predictive validity on
meaningful outcomes (e.g., objectively measured PA, well-being) which was not one
of our foci in this study. We also recognize that PL could cogently be modelled using

equivalent or alternative models and encourage further research into it.

Another limitation created using IRT-calibrated measures (i.e., scales and scores) at
indicator-level was the incapability to account for measurement error at the lower
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abstraction level (which is one of SEM’s strengths). This could have attenuated
correlations among first order factors and bias our overall interpretations. Future

methods to account for this should be used.

A particular conceptual limitation was the elimination of flexibility indicators in this
version of the PPLA. We argue that these indicators are relevant to the whole-picture
of PL and its inclusion should be considered and scrutinized in future efforts, despite
its joint-specific nature (Committee on Fitness Measures and Health Outcomes in

Youth et al., 2012).

Finally, we acknowledge that there are likely statistical and methodology nuances
that eluded us regarding differences and similarities among reflective and formative
(both in causal-formative and composite forms); although some literature has been
generated towards finding a non-versus perspective between methods, clear
guidelines are still warranted if conceptually different measurement perspectives

are to have meaningful dissemination.

Conclusion

Using both confirmatory factor analysis and confirmatory composite analysis, we
gathered evidence supporting construct validity and reliability of the PPLA as an
integrated tool to measure Physical Literacy as a multidimensional construct in 15
to 18 years old Portuguese students. Out of all estimated models the bifactor model
enabled richer conclusions on the tenability and interpretation of total and
subscales (per PL domain) scores, nonetheless a composite model description also
seems preliminary tenable and useful for predicting self-reported PA. Present
results provide evidence that a general trait of PL is responsible for a considerable
amount of variance in all indicators — albeit with insufficient strength to be

interpreted in isolation - with demarked domain-specific variance.

Based on this, we advise calculation of a total summed PL score, along with domain
scores, which should be interpreted conjointly in applied settings. While the former
provides a heuristic summary to quickly compare different classes and schools in
low-stakes settings, the latter allows for more meaningful interpretation of
students PL profiles and needs. We also recommend use of total scores per
element/indicator — which have gathered previous content and construct validity

evidence; as these will allow a richer and more specific feedback to students and
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families, arguably better serving teaching practices and self-development towards

a more meaningful and impactful PL journey.

For future research efforts, we recommend the use of a bifactor measurement
model, which permits disentangling of variance attributed on the general PL trait
and its domains. This capability opens the possibility to estimate independent
associations of the four domains of PL with external outcomes, along with the
general trait, to identify different antecedent or outcome variables, which could
improve the dissemination and testing of the concept as key attribute in lifelong PA
practice. It also seems to provide a better representation of the multidimensionality
inherent to this construct. Nonetheless, instrument development and validation are
an iterative process, as such, further comparisons could be made in the future, to
better argue for other conceptualizations or specifications of measurement models
for PL.
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CHAPTER 7 - Conclusions, limitations, and future
perspectives
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The main purpose of this PhD thesis was to develop and validate a novel criterion-
referenced PL assessment system for application in Portuguese PE that makes uses
of the APLF model’s domains, elements and learning continuum conceptualization
to provide a detailed and feasible assessment of each student’s PL journey. This may
complement pedagogical decisions (at local, regional, and national level) towards a
more meaningful and targeted PE environment to promote PL learning of grade 10-

12 (15-18 years) adolescents.

Throughout studies detailed in the five papers (synthetized in Table 45) the PPLA
was developed and initially validated into two parts using scientific instrument
development guidelines and methodologies, and state-of-the-art conceptual
frameworks: a) PPLA-Questionnaire, a self-administration questionnaire targeting
part of the cognitive domain (Content Knowledge), and the psychological and social
domains; and b) PPLA-Observation, an instrument that integrates regular
assessment data collected by PE teachers regarding the physical and cognitive
domains of PL. These studies also described its sequential validation process using
multiple sources of validity, to ensure that the PPLA has gathered enough evidence

to support its use and interpretation in the intended adolescent student population.

Overall, the PPLA emerges as a highly feasible tool for the PE context that can be
completed in around 20 minutes (student self-administration of the PPLA-Q), plus
time spent by the PE teacher inserting/copying data (already routinely collected
during regular PE classes) into a spreadsheet (PPLA-0), with no further teacher
training or specialized logistics required. It also employs a common criterion-
referenced assessment framework, based on a non-linear learning continuum - as
warranted by the developers of the APLF (Keegan et al., 2019) and multiple authors
(L. Edwards, Bryant, Keegan, Morgan, Cooper, et al., 2017; Young et al., 2021). This
focus on a comparison with standards deemed indicative of each stage of PL
development; instead of a normative-referenced system that would compare and
derive (usually through percentiles) each individual’s standing related to results of
other students (i.e., the results of a norming sample). The former also provides a
position compatible with the idea of an individual journey of PL development,
oriented through multiple milestones (objectives/goals dealing with mastery of

relevant skills), rather than a peer-comparison mindset that could reinforce
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alienation to PA and movement altogether. Although a more ipsative focus on PL —
considering every student as incomparable to any other standard than his/her own
progress — as stressed by the Whiteheadian school of thought (Whitehead, 2010)
could lead to higher internalization and adequacy if done properly, it arguably
requires resources (e.g., additional PE teacher training, and time) which would pose
alimitation to large scale application in PE, and could compromise the advancement
of research in the field by reducing comparability across individuals and contexts.
As such, a criterion-oriented focus might provide a tenable way to operationalize
such a philosophically rich concept, while adhering to educational assessment’s

best practices.

Results on the PPLA are summarized through class and individual reports?
(Additional File 6 and

3 It should be noted that these reports were produced before studies were finished, so that participating students
and teachers could receive them in a timely manner before the end of the school year. As such, there are some minor
differences regarding the terminology and elements used. They were produced in Portuguese and translated to
English for the sole purpose of this thesis.
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Additional File 7), providing a systematic and formative view on each student’s PL
journey, and support to differentiation of teaching-learning strategies — specially
in domains and elements that are harder for teachers to assess and track over time
(e.g., Psychological and Social); as well as enabling older adolescents to
autonomously delineate strategies for their own journey through suggested

strategies, complemented by the essential guidance of their PE teachers.

PPLA also opens the door to more general implications, both at national and
international level, using assessment as a key driver of curriculum and pedagogy
(Young et al., 2021). Firstly, widespread use of this tool has the potential to
contribute to change in discourse of assessment and pedagogy policy in national PE
by providing an auxiliary standardized and validated tool to assess, and thus,
dedicate time to the development of domains that, although essential in our PL
conception, as well as in the Portuguese PE curriculum (i.e., motivation, confidence,
collaboration, interpersonal relationships), lacked readily available and integrated
assessment tools in PE. Simultaneously, it also could provide a national advocacy
mean to disseminate the PL concept in teacher’s practice, reinforcing and updating
the vision that has been in the syllabus for many years, while also contributing to
the legitimization of PE as an indelible part of the Portuguese school curriculum to
develop active citizens. Concomitantly, given its publication in international peer-
reviewed forums, it affords an opportunity for worldwide recognition of the quality

of the Portuguese PE curriculum, its didactics practices, and its professionals.

Multiple implications for research and theory development are also in sight. PPLA
is, to our knowledge, the first published and validated instrument to make use of the
APLF’s application of a learning continuum to draw inferences about progression
within and across each element, through a conciliatory conceptual and
methodological take on diverse constructs that have inherently different
assessment perspectives and methodologies depending on the discipline (motor
development, sport psychology, sport sociology and educational assessment). It is
also the first published instrument to operationalize the APLF for adolescents, and
one of the few available for this age-range across different conceptualizations and
models. Its use in research will allow for furthering of the theoretical discourse, by

enabling comparation and hypothesis testing among different frameworks of PL
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(CAPL vs APLF, or others) and their usability towards developing meaningful

lifelong PA participation, in different contexts.
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Table 45. Synthesis of research aims methods, main results, and recommendations from each data chapter

Chapter Research aims Methods Main Results Recommendations
Chapter 2 a) Develop the PPLA- Questionnaire a) Content Analysis + a) Three modules, version 0.6 post-revisions: b) Further study the content validity of the
(Paper 1) b) Assess its Content Validity Expert input Cognitive - 10 Cognitive items (Content knowledge) Cognitive Module through expert evaluation
c)  Assess feasibility b) Evaluation by experts Psychological — 4 scales (8 subscales) — 46 Likert-
d) Assess preliminary construct (CVI and «) + Cognitive type items d) Robust validation efforts with a larger
validity and reliability interviews with students Social — 5scales (8 subscales) — 43 Likert-typeitems sample size and eventual usage of IRT
c) DPilot testing b) methodologies
d) CTT item analysis i. Expert evaluation (N= 11, 2 rounds): most items
(difficulty, had an Item-Content Validity Index =.78 and
discrimination, Cohen’s k = .76. At module-level, S-CVI/Ave
distractor analysis) + and UA were .87/.60,.98/.93 and .96/.84 for the
PLS-SEM cognitive, psychological, and social modules
ii. Revisions made based on student’s response
processes and feedback (N = 12)
¢) Completion time M= 27 minutes; low response errors
and no evidence of problematic response patterns
d)
i. Item analysis: item difficulty ranged from .10
(very hard) to .95 (very easy), with an average
difficulty of .50. 6 good or very good
discriminating items (D > .30)
ii. PLS-SEM: adequate reliability in 10 out of 16
subscales (a >.70 and composite reliability >
.60)
Chapter 3 a) Assessdimensionality of PPLA-Q. a) Mokken Scale Analysis a) 16 subscales can be coherently interpreted as 8 a)Adjustments to items of scales without an
(Paper 2) Psychological and Social modules (Non-parametric IRT) moderate to strong Mokken scales adhering to the interpretable IIO (Confidence, Emotional
b) Assess measurement invariance b) Scalability stratified by MHM and DMM, H ranging from .47 to .66; 4 scales  Regulation, Collaboration and Relationships)
by sex (DIF and DTF) sex (Loevinger’s H and with an interpretable II0 (H">.30) — total sum score to increase the overall distinction among
c)  Assessreliability (total score, and H;) can be used as an indicator in the latent trait each item’s difficulty in the continuum of
test-retest 15 days-interval) c) Molennar-Sijtsma p and b) DIF and DTF analysis results suggest that all scales development; refinement and further
d) Assess convergent and ICC function similarly in male and female adolescents, analysis of items targeting Relational
discriminant validity d) Bivariate attenuated except for the Physical Regulation scale which has  Thinking
Spearman correlations shown evidence of a sex bias — further scrutiny
needed before any sex comparisons are made in this b) Explore causes of measurement
scale invariance in Physical Regulation scale
c) i Score reliability: all scales had good total score through qualitative methods

reliability p>.80, ranging from .93 to .94

ii. Test-retest reliability (n=73): 3 scales had good to
excellent reliability (ICC95%CI ranging from .72 to
.95), and 5 scales presented moderate to good
reliability (ICC95%CI ranging from .51 to .85).

d) Motivation and Confidence scales showed a high
disattenuated correlation (r >.85) — threat to discriminant

validity;
expected, with

all other scales behaved as theoretically
low to moderate across domain

correlations providing support of convergent and
discriminant validity

c¢) Additional test-retest reliability
assessment outside of COVID-19 lockdown
restrictions — equate using IRT growth
models

d) Assessment of tenability of a higher-
order factor underlying both constructs
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Table 45. Synthesis of research aims methods, main results, and recommendations from each data chapter

Chapter Research aims Methods Main Results Recommendations
Chapter 4 a) Assess internal a) Parametric IRT models a) Mixed 2-parameter nested logit + graded response b) Further scrutiny of DIF and DTF is
(Paper 3) structure/dimensionality b) LRT - based DIF and model provided the best fit; C2 (21) = 23.92, p = .21; recommend with higher sample size
b) Assess measurement invariance DTF analysis (sDTF) CFI = .98; RMSEAc,= .017 [0,.043] with no misfitting
by sex (DIF and DTF) ¢) Marginal reliability and items c)
c)  Assess reliability (score and test- conditional reliability, b) Evidence of DIF in Item 1 in favor of male students, i. Refine, or add items to assess the whole 0
retest 15 days-interval) ICC and Svenson’s however, does not translate in statistically spectrum, especially in the higher levels
d) Assess whether using distractor ordinal agreement significant DTF (sDTF = -0.06; sDTF% = -0.14) — ii. and iii. Assess test-retest reliability using
information is useful for higher d) Polytomous IRT models further scrutiny recommended with higher sample IRT growth models or 3-parameter logistic
precision and Nested Logit models size models accounting for guessing
e) Assess whether the sum-score e) Bivariate Pearson c)
has enough precision for applied correlations i. Score reliability: lower than acceptable .70
settings threshold (px«= .60); adequate reliability in
the -2 to -1 6 range - useful for
distinguishing student with transitional
knowledge (between foundation and
mastery) — further revisions needed to
target full spectrum of 6
ii. ICC (n=73): poor to moderate test-retest
reliability (ICC = .56, [.38, .70]);
iii. Svenson’s method (n=73): 6 out of 10
items with acceptable agreement (>.70), 4
remaining items with small individual
variability — suggested use of 3PL model
with guessing parameter
d) Modelling distractor information provides increase
in available information and thus, reliability, along
with possibility to identify correctness of distractors
and their popularity
e) High correlation (r =.91[.90,.93]) among sum-score
and scores derived from calibrated mixed model —
sum-score might be useful for applied settings to get
a quick overview of student’s knowledge; for
precision IRT score is recommended
Chapter 5 a) Develop the PPLA- Observation a) Content Analysis a) Two modules: MCRT (22 physical activities) and HRF (5 b) Explore the possibility of developing
(Paper 4) instrument b) MIRT FITescola ® protocols) — teacher-reported data entered separate modules for assessment of Rules,
b) Assess dimensionality of the ¢) LRT-based DIF analysis in a spreadsheet and Tactics elements to allow the
MCRT module d) Bivariate Pearson and b) Two-dimensional GRM showed best fit — 1) disentanglement of their variance from
c) Assess measurement invariance polyserial correlations Manipulative-based Activities (MA), and 2) Stability- Movement Competence-related one in
by sex (DIF) e) EAP empirical reliability based Activities (SA) (N=515) reported proficiency levels
d) Assessconvergent and ¢) No evidence of DIF
discriminant validity d) r = .68 between dimensions; boys with higher scoresin  e) Evaluate inter and intra-rater reliability
e)  Assess score reliability; both dimensions; r = .23 and r = .18 of dimensions with of PE teachers in activities’ assessment,

age; r = -.13 between BMI and SA; similar magnitudes of
correlations with previous meta-analysis and systematic
reviews
e) Adequate to good marginal reliabilities: MA = .89, and
SA=.73

along with any patterns that may emerge
related to teaching experience of other
variables

197



Portuguese Physical Literacy Assessment (PPLA)

Table 45. Synthesis of research aims methods, main results, and recommendations from each data chapter

Chapter Research aims Methods Main Results Recommendations

Chapter 6 a) Assess construct validity at a) Confirmatory Factor a) a and b) Replication of these findings with a

(Paper 5) higher conceptual level Analysis (CFA) and i. CFA (N=521): Asymmetrical Bifactor model higher sample size outside of restrictions
b) Assess adequacy of usage of a Confirmatory Composite (S*1-1) provided best fit to the data: Robust CFI  due to the COVID-19 context

total PL-score and respective
subscales by domain

c¢) Discuss conceptual and practical
implications of reflective vs
formative measurement for PL

Analysis (CCA)

b) Bifactor model indices (w
and wn, ECV), and unit-
weighted composite models
c) Literature review +
empirical evidence

.97, Robust RMSEA .05 [.04,.06], SRMR .04
ii. CCA (n= 443): Best absolute fit for single first-

order composite models (dG, dL, and SRMR
below or borderline of their 95% critical value,
in both the optimal and unit weighted models,
in both optimal and unit-weighted models);
adequate approximate fit of four correlated
composite and hierarchical (second-order)
model

b) Total score should not be used in isolation (wu-.71 <

.80); subscales can be used and interpreted (Psychological

subscale should not be used for high-stakes decisions) ws

ranged from .60 to .82, ECVss ranged from .23

(psychological sub-score) to .93

¢) Tenability of both paradigms to assess PL is discussed:

reflective paradigm with more robust toolkit for validity

assessment, however formative paradigm is also tenable

and could be further researched

Study the possibilities of adding the
Flexibility indicators to the PPLA system

c¢) Further comparisons and relations among
paradigms and conceptual discussion
regarding the ontology of PL

Note: points a)-e) are kept consistent across columns to indicate relationship between research aims, methods used, main results and recommendations according to those results

PPLA- Portuguese Physical Literacy Assessment; CVI — Content Validity Index; CTT — Classical Test Theory; IRT — Item Response Theory; PLS — Partial Least Squares; SEM — Structural Equation Modelling; DIF -Differential Item
Functioning; DTF — Differential Test Functioning; IIO — Invariant Item Ordering; ICC — Intraclass Correlation Coefficient; MHM — Monotone Homogeneity Model; DMM — Double Monotonicity Model; MCRT — Movement Competence,
Rules and Tactics; HRF — Health-related Fitness; PE — Physical Education; MIRT — Multidimensional IRT; LRT — Likelihood Ratio Test; EAP — Expected a posteriori; ECV — Explained Common Variance
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This thesis contributions also reinforce two apparently diametrical sides of PL
theoretical development. On the operationalization-craving arena, it reinforces the
growing body of instruments that can be used to gather empirical support for PL and
its impacts; while on the conceptual-driven one, discusses issues that might be
paramount to the ontology of PL (i.e., whether PL could/should be regarded as an
existing, common cause of the multiple indicators we construe as elements, or
whether it is a man-made artifact useful to explain and index a rich, diverse network
of variables that might impact meaningful PA participation) and respective
implications on its measurement and study. We argue that both these sides should
not be mutually exclusive if PL is to be used as an umbrella, multi-disciplinary lens
to understand human movement; otherwise, we could be forever shackled to
philosophical/conceptual battles, that while rich in metaphors and meaning, will
never reach those who need it the most: those who are (not) enjoying movement as
part of their lives; or, the opposite: blind progress towards measures that are empty
of value towards understanding the whole-picture of meaningful and fruitful

interaction with the environment through movement.

Limitations

Nonetheless the strengths and implications reported above, there are some
limitations that merit underlining. The most general of these pertains precisely to
the flip side of using a rich and interdisciplinary network of constructs: multiple
concessions had to be made regarding the essence of each construct to allow for a
synthetic perspective transversal to all domains and elements, which could have
decreased the accuracy of the overall theoretical framework of each individual

construct.

Multiple limitations were caused by the advent of the COVID-19 pandemic, including
severe limitations in access to a fully representative sample of students, despite
multiple safeguards through stratification by grade and major. These limitations
motivated the choice to use schools with PE teacher’s preservice protocol with the
Faculty of Human Kinetics, and mostly classes led by PE preservice teachers; this
could have biased the results mostly in teacher-reported data in the PPLA-0. Other
COVID-19 impacts on data quality are also tenable, and as such, replication of these

results is in order.
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Future Perspectives

Following this thesis’ work, multiple threads are open to further work. One of these
is motivated by the nature of validity (Cizek, 2020), which requires an on-going
gathering of evidence to support PPLA’s intended uses; as such, some sources of
validity are left unexplored including predictive validity, which could further
reinforce it the utility of the construct of PL (as delineated in the APLF) to
improvement participation in lifelong PA; and concurrent validity that, could,
through comparison with other PL assessment tools, strengthen the collective
understanding of PL assessment. Similarly, this initial validation effort, highlighted
the need for diverse revisions and improvements which could further improve the
measurement quality of the PPLA instruments (summarized in Table 45), especially
in the Tactics and Rules elements, along with eventual augmentation of the Content
Knowledge test with other PL relevant themes. Also, evaluation of the effectiveness
and practical usefulness of the PPLA cut-scores and reports is warranted to
guarantee that results resonate with adolescents, teachers, and other relevant

stakeholders (e.g., school’s directing board, or the PE teacher’s group).

Future venues of work also include the adaptation of the PPLA to other age-ranges
inside, and outside school-age and settings. This includes adapting the PPLA to
assess children and preadolescents, enabling tracking and comparison of the PL
development mechanisms, trends, and meanings throughout school-age, working
also to strengthen the advocacy of the concept as outlined above. It could also
include adaptation of the PPLA to assess and study PL’s development in adults — a
yet much unexplored research venue — reinforcing its lifelong nature and its added
value to society and individual’s flourishing. Similarly, multiple expansions to the
PPLA could be entailed by developing specific integrated modules to assess PL
development in other environments (e.g., water, snow), which would, again,

reinforce the transversal nature of this concept across movement and PA settings.

Finally, further work is suggested in a) development of automatic scoring platforms
(e.g., web or smartphone applications) to facilitate student’s and teacher’s access to
results without the research team; b) use of Computerized Adaptative Testing (i.e.,
a promising Item Response Theory method that tailors the test to the individual to

allow for more precise, quicker results); c) integration of PPLA within
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national/international efforts to monitor quality PE practices and longitudinal
impact of educational policies; d) expansion of the ontological and methodological

discussions presented in chapter 6 of this thesis and its implications for PL.
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Additional Files
Additional File 1

Supplementary Table S1. Information about experts that participated in the content validation of the PPLA-Q_

Expert PPLA-Q

Domain Expertise #Citations* h-index! Round participation
1 Cognitive Test development, educational assessment 201 NA 18
2 Cognitive Health promotion and public Health 3468 28 15t
3 Cognitive Curriculum development, PE didactics 80 NA 15t
A Cognitive  Curriculum development, PE didactics, developer of the PPES NA NA 18
5 Psychological Sport psychology, decision-making in sport 16699 72 18t
6 Psychological Scale development and validation, sport psychology 1052 17 150
7 Psychological Sport psychology, behavioral change 3025 25 18t
8 Social Sport sociology, school ethnography 59 5 15t & ond
9 Pssyczzi?)ic?ggal Sport psychology and pedagogy, scale validation 5287 35 15t
10 All Healthy and active lifestyles, PE Didactics 1162 18 15t & 2nd
1 All PE didactics, Teacher education 3014 27 18
12 All PE didactics, Teacher education 1167 16 2nd

Note. All experts were professors at Graduate-level Education. NA — Not available; PE — Physical Education; PPES — Portuguese Physical Education syllabus.
*Qualitative evaluation only.
ICitation data obtained from each expert’s Google Scholar profile in January 2021.
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Supplementary Table S2. Item CVI, kappa coefficient and evaluation of each item (PPLA-Q_version 0.2)

Item Relevance Clarity
Number Experts I-CVI K! Evaluation® Number Experts Proportio K! Evaluation’®
of Giving of Giving n of
Experts Rating of 3 Experts Ratingof3 Agreemen
or4 or 4 t
Cognitive Module
C1 6 6 1 1 Excellent 6 6 1 1 Clear
C2 6 2 33 13 Eliminate 6 3 .50 27 Review
C3 5 5 1 1 Excellent 6 6 1 1 Clear
C4 5 5 1 1 Excellent 6 5 .83 .82 Clear
Cs5 5 5 1 1 Excellent 6 6 1 1 Clear
Cc6 5 4 .80 76 Excellent 6 4 .67 .56 Review
C7 5 5 1 1 Excellent 6 5 .83 .82 Clear
Cc8 5 4 .80 76 Excellent 6 2 33 13 Review
C9 5 5 1 1 Excellent 6 5 .83 .82 Clear
C10 5 4 .80 .76 Excellent 6 6 1 1 Clear
S- .87
CVI/Ave
S- .60
CVI/UA
Psychological Module
P1 5 5 1 1 Excellent 5 5 1 1 Clear
P2 5 5 1 1 Excellent 5 5 1 1 Clear
P3 5 5 1 1 Excellent 5 5 1 1 Clear
P4 5 5 1 1 Excellent 5 5 1 1 Clear
P5 5 5 1 1 Excellent 5 5 1 1 Clear
P6 5 5 1 1 Excellent 5 5 1 1 Clear
P7 5 5 1 1 Excellent 5 5 1 1 Clear
P8 5 5 1 1 Excellent 5 4 .80 .76 Clear
P9 5 5 1 1 Excellent 5 4 .80 .76 Clear
P10 5 5 1 1 Excellent 5 5 1 1 Clear
P11 5 5 1 1 Excellent 5 5 1 1 Clear
P12 5 5 1 1 Excellent 5 5 1 1 Clear
P13 5 5 1 1 Excellent 5 5 1 1 Clear
P14 5 5 1 1 Excellent 5 5 1 1 Clear
P15 5 5 1 1 Excellent 5 5 1 1 Clear
P16 5 4 .80 76 Excellent 5 4 .80 .76 Clear
P17 5 5 1 1 Excellent 5 5 1 1 Clear
P18 5 5 1 1 Excellent 5 5 1 1 Clear
P19 5 5 1 1 Excellent 5 5 1 1 Clear
P20 5 5 1 1 Excellent 5 5 1 1 Clear
P21 5 5 1 1 Excellent 5 5 1 1 Clear
P22 5 5 1 1 Excellent 5 5 1 1 Clear
P23 5 5 1 1 Excellent 5 5 1 1 Clear
P24 5 4 .80 .76 Excellent 5 5 1 1 Clear
P25 5 5 1 1 Excellent 5 4 .80 .76 Clear
P26 5 5 1 1 Excellent 5 5 1 1 Clear
P27 5 5 1 1 Excellent 5 5 1 1 Clear
P28 5 5 1 1 Excellent 5 5 1 1 Clear
P29 5 5 1 1 Excellent 5 5 1 1 Clear
P30 5 5 1 1 Excellent 5 5 1 1 Clear
P31 5 5 1 1 Excellent 5 5 1 1 Clear
P32 5 5 1 1 Excellent 5 5 1 1 Clear
P33 5 5 1 1 Excellent 5 5 1 1 Clear
P34 5 5 1 1 Excellent 5 5 1 1 Clear
P35 4 4 1 1 Excellent 4 4 1 1 Clear
P36 5 4 .80 .76 Excellent 5 5 1 1 Clear
P37 4 4 1 1 Excellent 4 3 .75 .67 Review
P38 4 4 1 1 Excellent 3 3 1 1 Clear
P39 4 4 1 1 Excellent 3 3 1 1 Clear
P40 4 4 1 1 Excellent 4 2 .50 .20 Review
S- .98
CVI/Ave
S- 93
CVI/UA
Social Module
S1 4 3 .75 .67 Good 3 1 33 -.07 Review
S2 4 3 .75 .67 Good 4 4 1 1 Clear
S3 4 2 .50 .20 Eliminate 4 3 .75 .67 Review
S4 4 4 1 1 Excellent 4 3 .75 .67 Review
S5 4 4 1 1 Excellent 4 4 1 1 Clear
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Supplementary Table S2. Item CVI, kappa coefficient and evaluation of each item (PPLA-Q_version 0.2)

Item Relevance Clarity
Number Experts I-CVI K! Evaluation* Number Experts Proportio K! Evaluation’
of Giving of Giving n of
Experts Rating of 3 Experts Ratingof3 Agreemen
or4 or /4 t

S6 4 3 .75 .67 Good 3 3 1 1 Clear

S7 4 4 1 1 Excellent 3 3 1 1 Clear
S8 4 3 .75 .67 Good 3 3 1 1 Clear
S9 4 4 1 1 Excellent 3 3 1 1 Clear
S10 4 4 1 1 Excellent 4 4 1 1 Clear
S11 4 4 1 1 Excellent 4 4 1 1 Clear
S12 4 4 1 1 Excellent 4 4 1 1 Clear
S13 4 4 1 1 Excellent 4 4 1 1 Clear
S14 4 4 1 1 Excellent 3 3 1 1 Clear
S15 4 4 1 1 Excellent 4 4 1 1 Clear
S16 4 4 1 1 Excellent 4 4 1 1 Clear
S17 4 4 1 1 Excellent 4 4 1 1 Clear
S18 4 4 1 1 Excellent 4 4 1 1 Clear
S19 4 4 1 1 Excellent 4 4 1 1 Clear
S20 4 3 .75 .67 Good 4 4 1 1 Clear
S21 4 3 .75 .67 Good 4 3 .75 .67 Review
S22 4 3 .75 .67 Good 4 3 .75 .67 Review
S23 4 3 .75 .67 Good 4 4 1 1 Clear
S24 3 3 1 1 Excellent 4 4 1 1 Clear
S25 3 3 1 1 Excellent 4 4 1 1 Clear
S26 3 3 1 1 Excellent 4 4 1 1 Clear
S27 3 3 1 1 Excellent 4 4 1 1 Clear
S28 4 4 1 1 Excellent 4 4 1 1 Clear
S29 4 3 .75 .67 Good 4 3 .75 .67 Review
S30 4 2 .50 .20 Eliminate 4 4 1 1 Clear
S31 4 3 .75 .67 Good 4 3 .75 .67 Review
S32 4 4 1 1 Excellent 4 4 1 1 Clear
S33 4 4 1 1 Excellent 4 4 1 1 Clear
S34 4 2 .50 .20 Eliminate 4 3 .75 .67 Review
S35 4 4 1 1 Excellent 4 4 1 1 Clear
S36 4 4 1 1 Excellent 4 4 1 1 Clear
S37 4 4 1 1 Excellent 3 2 .67 47 Review
S38 4 4 1 1 Excellent 3 3 1 1 Clear
S39 4 4 1 1 Excellent 3 3 1 1 Clear
S40 4 4 1 1 Excellent 3 3 1 1 Clear
S- .90

CVI/Ave
S- .68
CVI/UA

I-CVI- Item Content Validity Index; Ave- Average; UA- Universal Agreement; x — kappa coefficient; S-CVI- Scale Content Validity Index.

‘Multirater modified kappa designating agreement on relevance: k= (I-CVI - pc)/(1 -pc), with pc (probability of a chance occurrence) computed using the formula for a
binomial random variable, with one specific outcome described in Polit et al. (2007)

*Evaluation criteria for kappa, using guidelines described in Cicchetti and Sparrow (1981) and Fleiss (1981): Fair kappa of .40 to .59; Good kappa .60 to .74; and Excellent kappa
>.74.

3Modified criteria for kappa: Needs Revision < .74; Clear > .74
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Supplementary Table S3. Social Module’s Item CVI, kappa coefficient and evaluation (PPLA-Q version 0.3)

Relevance Clarity
e Number _ Numbe Namber  pets - Propors
of Giving Rating  I-CVI K! Evaluation? of . K! "
Experts of30r4 Experts Rating Agreeme "
of30r4 nt
S1* 3 3 1 1 Excellent 3 3 1 1 Clear
S2* 3 3 1 1 Excellent 3 3 1 1 Clear
S3* 3 3 1 1 Excellent 3 2 67 47 Review
S4* 3 3 1 1 Excellent 3 2 67 47 Review
Sg* 3 3 1 1 Excellent 3 2 67 47 Review
S6* 3 3 1 1 Excellent 3 3 1 1 Clear
S7* 3 3 1 1 Excellent 3 2 67 47 Review
S8* 3 3 1 1 Excellent 3 3 1 1 Clear
S9* 3 3 1 1 Excellent 3 1 33 -.07 Review
S10 4 4 1 1 Excellent 4 4 1 1 Clear
S11 4 4 1 1 Excellent 4 A 1 1 Clear
S12 4 A 1 1 Excellent 4 4 1 1 Clear
S13 4 4 1 1 Excellent 4 4 1 1 Clear
S14 4 4 1 1 Excellent 3 3 1 1 Clear
S15 4 A 1 1 Excellent 4 4 1 1 Clear
S16 4 4 1 1 Excellent 4 4 1 1 Clear
S17 4 4 1 1 Excellent 4 4 1 1 Clear
S18 4 A 1 1 Excellent 4 4 1 1 Clear
S19 4 4 1 1 Excellent 4 4 1 1 Clear
S20 4 3 75 .67 Good 4 A 1 1 Clear
S21 4 3 .75 .67 Good 4 3 .75 .67 Review
S22 4 3 75 .67 Good 4 3 75 .67 Review
S23 4 3 75 .67 Good 4 A 1 1 Clear
S24 3 3 1 1 Excellent 4 4 1 1 Clear
S25 3 3 1 1 Excellent 4 A 1 1 Clear
S26 3 3 1 1 Excellent 4 4 1 1 Clear
S27 3 3 1 1 Excellent 4 4 1 1 Clear
S28 4 4 1 1 Excellent 4 4 1 1 Clear
S29 4 3 .75 .67 Good 4 3 .75 .67 Review
S30 4 3 .75 .67 Good 4 3 .75 .67 Review
S31 4 4 1 1 Excellent 4 4 1 1 Clear
S32 4 4 1 1 Excellent 4 4 1 1 Clear
S33 4 4 1 1 Excellent 4 4 1 1 Clear
S34 4 4 1 1 Excellent 4 4 1 1 Clear
S35% 3 3 1 1 Excellent 3 3 1 1 Clear
S36 4 4 1 1 Excellent 3 3 1 1 Clear
S37 4 4 1 1 Excellent 3 3 1 1 Clear
S38 4 4 1 1 Excellent 3 3 1 1 Clear
S- .96
CvI/
Ave
S- .84
CvI/
UA

I-CVI- Item Content Validity Index; Ave- Average; UA- Universal Agreement; x — kappa coefficient; S-CVI- Scale Content Validity Index.

*Items included in 2™ round of expert validation.

‘Multirater modified kappa designating agreement on relevance: k=(I-CVI - pc)/(1 -pc), with pc (probability of a chance occurrence) computed using the formula
for a binomial random variable, with one specific outcome described in Polit et al. (2007)

’Evaluation criteria for kappa, using guidelines described in Cicchetti and Sparrow (1981) and Fleiss (1981): Fair kappa of .40 to .59; Good kappa .60 to .74; and
Excellent kappa > .74

3Modified criteria for kappa: Needs Revision < .74; Clear > .74
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English version

For the next question group, you should remember that PA = Physical Activity(ies), and includes every
situation that require movement, like your Physical Education classes, sport-based activities (team or
individual), rhythmic activities (e.g., dance), exercise (e.g., strength training, jogging), and any activities
that you use as a mean of transportation or in your spare time.

In each statement below, select how much it describes you, circling one of the options from 0 to 4 0
= Not at all; 1= Slightly; 2 =Moderately; 3 =Quite a lot; 4 = Totally).

Not at all
Slightly
Quite a lot
Totally

How much do these statements describe you?

—_

P1. I am motivated to practice PA

P2.1 practice PA because others tell me I should

P3.Ifeel guilty when I do not practice PA

P4.1 feel bad about myself when I do not practice PA

P5. I feel pressured by others to practice PA

P6. I practice PA because I feel others would be unhappy if I did not

P7.1 practice PA because it is fun

P8.1feel good when I practice PA

P9.I consider PA a part of me

P10. I value the benefits of PA

P11.1see PA as a fundamental part of who I am

P12.1 enjoy practicing PA

—
NN N N N N N N N N N N| | Moderately

o O O O O O o O o o o o o
—

Wl Wl W W W W W w W W w w w

N N L L L S Y

P13. I feel confident to practice PA

In Physical Activity contexts:

P14.1am confident in my abilities

P15. 1 can participate with success

P16.I consider myself competent

P17. 1 trust my skills

P18. 1 feel good about the way I am able to participate

P19. 1 can participate in PA that I consider challenging

P20. I know how to become more confident in myself

o O O o o o o o
—_

N[ N N N N N NN

Wl Wl W W W w w w

o N N R Y B Y B - B S B SN

P21.1feel competent even when I am criticized
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P22.

I believe in myself even when I lose

0

1

2

3

P23.

I can manage my emotions

1

P24.

I can recognize other's emotions

1

P25.

I can recognize my emotions

0
0
0

2
2
2

3
3
3

N N )

In Physical Activity contexts:

P26.

I am sensitive to the feelings of others

P27.

I understand what others feel

P28.

I can identify what I feel

P29.

I can anticipate what I will feel

P30.

I can deal with difficulties rationally

P31.

I can manage my emotions when necessary

w| Wl W w w w

P32.

I have a good control of my emotions

P33.

I can manage my effort

P34.

I know when I am tired

P35.

I can recognize changes in my breathing

P36.

I can recognize changes in my heart rate

P37.

I recognize my physical limits

P38.

I can recognize the effect that different intensities have in me

P39.

I use strategies to manage my effort

P40.

I can anticipate when I will be fatigued

P41.

I can control my fatigue

P42.

I take action to improve my physical skills

ol O O O o ol ol O ©| o o o O o ol o o

N N N N N N NN NN N N[ N N NN

W W W W W W WWwWl W w w

N N N Y Y N e T O Y S B - B - R SN IR =N B ~N) B 0N

In the different contexts of my life:

P43.

I feel more motivated to reach my goals because I practice PA

P44.

I feel more confident in my skills because I practice PA

P45.

I am better at controlling my emotions because I practice PA

P46.

I am better at controlling my fatigue because I practice PA

o| O|o|o

N[ N|NN

Wl wiww

B N SN I I
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How much do these statements describe you? =
S1. I believe that the cultural aspects of PA are important (e.g., its 0 1 2 3 4
rituals, terminology, clothing, values)
S2. I participate in PA rituals (e.g., greetings, hymns/chants, cheers, 0 1 2 3 4
applauses)
S3. I use specific PA terminology (e.g., names of technics and tactics, 0 1 2 3 4
names of equipment, idioms)
S4. 1 use specific clothing of the PAT am practicing 0 1 2 3 4
S5. I watch PA events (e.g., competitions, spectacles, shows) 0 1 2 3 4
S6. I like to keep up with PA events (e.g., competitions, spectacles, 0 1 2 3 4
shows)]
S7. 1 am interested in the cultural aspects of PA (e.g., its rituals, O 1 2 3 4
terminology, clothing, values)]
S8. I encourage others to watch PA events (e.g., competitions, O 1 2 3 4
spectacles, shows)
S9. I encourage others to participate in each PA's culture (e.g., rituals, 0 1 2 3 4
terminology, clothing)]
S10. I can lead a healthy and active life 0 1 2 3 4
In Physical Activity contexts:
S11. I work well with others 0 1 2 3 4
S12. I try to behave correctly and justly 0 1 2 3 4
S13. Irespect my adversaries 0 1 2 3 4
S14. I follow the rules 0 1 2 3 4
S$15.1 cheat if it brings me benefits o 1 2 3 4
S16. I respect the decisions of authorities (e.g., referee, umpire, 0 1 2 3 4
coach/teacher)]
S17. 1 behave according to fair-play / sport ethics ‘principles 0 1 2 3 4
S18. I understand the importance of fair play/ sport ethics’ principles 0 1 2 3 4
S19. I take action to make others behave according to fair play/sport 0 1 2 3 4
ethic
S20. I follow the rules, even if unsupervised 0 1 2 3 4
S21. I behave according to fair play/sport ethics' principles on my 0 1 2 3 4
initiative
S22.1take action for others to follow the rules 0 1 2 3 4
S23.1 collaborate with others 0 1 2 3 4
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S24.1 am sympathetic with others 0 1 2 3 4
S25.1 control my behavior towards others 0 1 2 3 4
S26. I respect others 0 1 2 3 4
S27.1 cooperate with others 0 1 2 3 4
S28. 1 encourage others 0 1 2 3 4
S29.1 care about others' success 0 1 2 3 4
S30. I help others achieve success 0 1 2 3 4
S31.1am helpful with others 0 1 2 3 4
S32.1 have a positive relationship with others 0 1 2 3 4
S33.Iinteract with others 0 1 2 3 4
S34.1share a common goal with others 0 1 2 3 4
S35. I feel close to others 0 1 2 3 4
S36. I feel a sense of camaraderie with others 0 1 2 3 4
S37.1take action to improve my relationship with others 0 1 2 3 4
5$38. I know how to improve my relationship with others 0 1 3 4
5$39. I care about my relationship with others 0 1 2 3 4
In the different contexts of my life:

S40.Iam more involved in other cultural activities (e.g., theater, music) 0 1 2 3 4
because I practice PA

S41.1am more honest and just because I practice PA 0 1 2 3 4
S42.1 collaborate more with others because I practice PA 0 1 2 3 4
S43. 1 have better relationships with others because I practice PA 0 1 2 3 4

This question group will be about your opinion about topics of physical activity and healthy lifestyles.
Read each question attentively and circle your option(s).

C1. Select the option which represents a healthy and balanced meal.
(A) Chicken soup, cheeseburger, apple, soda.
(B) Vegetable soup, grilled salmon with sweet potatoes and baked vegetables, pear, water.
(C) Garlic bread, carbonara pasta with salad, pear, water.
(D) Bean soup, fried shrimp patties with tomato rice, apple, soda.

C2.1In a normal day, Maria total calorie intake is 2000 kcal, and her total caloric expenditure is 2200 kcal.
Select the option which describes Maria's energetical balance for that day and its effects on her
bodyweight.

(A) She will have a negative energetic balance and will lose weight.
(B) She will have a positive energetic balance and will gain weight.
(C) She will have a positive energetic balance and will lose weight.
(D) She will have a negative energetic balance and will lose weight.
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C3. The “capacity to capture and use oxygen to produce energy” and the “capacity to move one or

more joints through their complete range of motion” describe, respectively:

(A) muscular strength, and flexibility.

(B) aerobic fitness, and flexibility.

(C) aerobic fitness, and muscular strength.
(D) speed, and muscular strength.

C4. Jodo has low strength and flexibility and wants to improve those capacities.

Select the option which describes adequate training methods for Jodo.

Training Frequency Volume per muscle group/joint

(A) Strength  2-3 non consecutive sessions per week 1 to 3 sets of 12 repetitions
Flexibility 5-7 sessions per week 30 seconds per exercise

(B) Strength 1 session per week 1 to 3 sets of 12 repetitions
Flexibility —5-7 sessions per week 30 seconds per exercise

(C) Strength  2- 3 consecutive sessions per week 1 to 3 sets of 12 repetitions
Flexibility ~5-7 sessions per week 30 seconds per exercise

(D) Strength  2- 3 non consecutive sessions per week 1 to 3 sets of 5 repetitions
Flexibility 5-7 sessions per week 30 seconds per exercise

C5. Select all the options which describe basic actions to avoid injuries during physical activity.

(A) Perform a warmup in the beginning of the activity, and a cool down at the end of the activity.
(B) In the event of an injury, apply something hot immediately.

(C) Use adequate protective equipment.

(D) Have a meal 10 minutes before an activity.

(E) Follow the safety rules of the activity.

(F) Drink water regularly during the activity.

C6. Fill in the text by selecting in the following table the adequate option for each space.

A competitive athlete is thinking about using anabolic steroids. This practiceis _ 1. sinceit_2. fair-
play, 3. sport performance, and _4. health.

1. 2. 3. 4,
(A) safe (A) increases (A) increases (A) increases the risk of
(B) forbidden (B) decreases (B) decreases negative consequences for
(O) permitted (C) has no effect on (C) has no effect on (B) decreases the risk of
negative consequences for
(C) has no effect on
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C7. The World Health Organization has defined recommendations for Physical Activity.
Select the option which describes the general guidelines for children and adolescents, and for adults.

(A) Children and adolescents: 60 minutes per day with moderate to vigorous intensity; adults: 150
minutes per week with moderate to vigorous intensity.

(B) Children and adolescents: 150 minutes per week with moderate to vigorous intensity; adults: 150
minutes per week with moderate to vigorous intensity

(C) Children and adolescents: 30 minutes per day with moderate to vigorous intensity; adults: 150
minutes per week with moderate to vigorous intensity.

(D) Children and adolescents: 60 minutes per day with moderate to vigorous intensity; adults: 90
minutes per week with moderate to vigorous intensity.

C8. Select the option that correctly links each type of physical training with its impact on health.

Types of Fitness Training Impacts on health

A. Better blood pressure and cardiovascular health
B. Increased resting heart rate

C. Increased mobility and ability to perform day-to-
2.Flexibility training day activities

D. Increased coordination difficulties

E. Better bone, tendon, and ligament health, and
reduced injury risk

1.Strength training

3. Aerobic fitness training

(A) 1-D, 2-C, 3-A
(B) 1-A, 2-B, 3-C
(C) 1-E, 2-B, 3-D
(D) 1-E, 2-C, 3-A

C9. The calculation formula for the Body Mass Index (BMI) is

Weight (kg)
Height (m)2

(A)

Height (cm)?
(B) Weight (kg)

Weight (kg)
Height (cm)?2

Q)

Height (m)
Weight (kg)?

(D)
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C10. Based on the analysis of the two tables provided, select all true statements.

Table 1 Table 2. Reference values for BMI (FITschool)
Individual Sex Age Body Physical
Mass Activity Body Mass Index
Index _ Healthy Range
1 Male 15 18 Occasional Girls Boys :
2 Female 16 26,3 Occasional Age > < > <
3 Male 20 27 Regular 15 16,0 238 | 163 23,1

16 | 16,3 243 | 16,7 23,9
17 | 16,4 246 | 172 2456
18+ | 185 250 | 185 25,0

(A) Individual 1 should practice physical activity regularly.
(B) Individual 1 is below the healthy range of BMI.

(C) Individual 2 should reduce her weight.

(D) Individual 3 should maintain his weight.

(E) Individual 2 has higher risk for disease than individual 3.

Check that you answered all questions.

Thank you for your invaluable participation!
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Versdo Portuguesa

Para responderes ao préximo grupo, deves relembrar que AF = Atividade(s) Fisica(s), e que inclui todas
as situagdes que impliquem movimento, como por exemplo, as aulas de Educacgao Fisica, as atividades
desportivas (coletivas ou individuais), as atividades ritmicas (ex. danca), o exercicio fisico (ex. treino
de forga, jogging), e as atividades fisicas que fagas para te deslocar ou nos teus tempos livres.

Para cada afirmacdo abaixo deves selecionar o quanto essa te descreve circundando uma das op¢des
de 0 a 4 (0= Nada, 1= Pouco, 2= Moderadamente, 3= Bastante, 4= Totalmente).

o
: 2
. g & & ¢g
Como é que estas frases te descrevem? = % F
P1. Sinto-me motivado(a) para praticar AF 0 1 2 3 4
P2. Faco AF porque outras pessoas dizem que devo fazer 0 1 2 3 4
P3. Sinto-me culpado(a) quando ndo fago AF 0 1 2 3 4
P4. Sinto-me mal comigo mesmo(a) quando ndo fago AF 0 1 2 3 4
P5. Sinto-me pressionado(a) pelos outros para fazer AF 0 1 2 3 4
P6. Faco AF porque outras pessoas vao ficar insatisfeitas comigosenao 0 1 2 3 4
fizer
P7. Faco AF porque é divertido 0 1 2 3 4
P8. Sinto-me bem quando faco AF 0 1 2 3 4
P9. Considero que a AF faz parte de mim 0 1 2 3 4
P10. Valorizo os beneficios de praticar AF 0 1 2 3 4
P11. Vejo a AF como parte fundamental de quem sou 0 1 2 3 4
P12. Gosto de praticar AF 0 1 2 3 4
P13. Sinto-me confiante para praticar AF 0 1 2 3 4
Em situa¢des de Atividade Fisica:
P14. Sinto-me confiante nas minhas habilidades 0 1 2 3 4
P15. Consigo participar com sucesso 0 1 2 3 4
P16. Considero-me bom/boa praticante 0 1 2 3 4
P17. Confio nas minhas capacidades 0 1 2 3 4
P18. Sinto-me bem com a forma como consigo participar 0 1 2 3 4
P19. Consigo participar em AF que considero desafiantes 0 1 2 3 4
P20. Sei como fazer para me tornar mais confiante 0 1 2 3 4
P21. Sinto-me capaz mesmo quando sou criticado(a) 0 1 2 3 4
P22. Acredito na minha capacidade mesmo quando falho 0 1 2 3 4
P23. Consigo gerir as minhas emoc¢des 0 1 2 3 4

237



Portuguese Physical Literacy Assessment (PPLA)

P24. Reconheco as emogdes dos outros 0 1 2 3 4
P25. Consigo reconhecer as minhas emocgdes 0 1 2 3 4
Em situagdes de Atividade Fisica:

P26. Sou um(a) bom(a) observador(a) das emocgdes dos outros 0 1 2 3 4
P27. Percebo o que os outros sentem 0 1 2 3 4
P28. Consigo identificar o que sinto 0 1 2 3 4
P29. Consigo antecipar as minhas emocd&es 0 1 2 3 4
P30. Consigo lidar com as dificuldades racionalmente 0 1 2 3 4
P31. Consigo gerir as minhas emo¢6es quando necessario 0 1 2 3 4
P32. Tenho um bom controlo das minhas emoc¢des 0 1 2 3 4
P33. Consigo gerir o meu esforgo 0 1 2 3 4
P34. Sei quando me sinto cansado(a) 0) 1 2 3 A
P35. Consigo aperceber-me de mudancas na minha respiracao 0 1 2 3 A
P36. Consigo reconhecer mudancas no meu ritmo cardiaco 0 1 2 3 4
P37. Tenho nogao dos meus limites fisicos 0 1 2 3 4
P38. Reconheco o efeito que diferentes intensidades de esforco tém 0 1 2 3 4
em mim

P39. Utilizo estratégias para gerir o meu esforg¢o 0 1 2 3 4
P40. Consigo antecipar quando irei ficar cansado(a) 0 1 2 3 4
P41. Consigo controlar o meu cansaco 0 1 2 3 4
P42. Faco por melhorar as minhas capacidades fisicas 0 1 2 3 4
Nas diversas situa¢des da minha vida:

P43. Sinto-me mais motivado(a) a atingir os meus objetivos porque 0 1 2 3 4
pratico AF

P 44. Sinto-me mais confiante nas minhas capacidades porque pratico 0 1 2 3 4
AF

P45. Controlo melhor as minhas emocgdes porque pratico AF 0 1 2 3 4
P46. Controlo melhor o meu cansaco porque pratico AF 0 1 2 3 4
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g

]

E 8

o c

-8 E & &

Como é que estas frases te descrevem?
S1. Acredito que os aspetos culturais da(s) AF sdo importantes (ex. os 0 1 2 3 4
seus rituais, termos especificos, roupa, valores)
S2. Participo em rituais das AF (ex. saudag¢des, hinos/canticos, gritos, 0 1 2 3 4
aplausos)
S3. Utilizo termos especificos das AF (ex. nomes de técnicas ou taticas, 0 1 2 3 4
nomes de equipamento, expressdes)
S4. Utilizo vestuario especifico da AF que estou a praticar 0 1 2 3 4
S5. Assisto a eventos de AF (ex. competicdes, demonstracbes, O 1 2 3 4
programas)
S6. Gosto de acompanhar eventos de AF (ex. competicdes, O 1 2 3 4
demonstrac8es, programas)
S7. Interesso-me pelos aspetos culturais das AF (ex. os seus rituais, 0 1 2 3 4
termos especificos, roupa, valores)
S8. Incentivo os outros a assistirem a eventos de AF (ex. competi¢des, 0 1 2 3 4
demonstrac8es, programas)
S9. Encorajo os outros a participar na cultura de cada AF (ex. rituais, 0 1 2 3 4
termos especificos, roupa)
S10. Consigo ter uma vida ativa e saudavel 0 1 2 3 4
Em situa¢des de Atividade Fisica:
S11. Trabalho bem com os outros 0 1 2 3 4
S12. Tento ter comportamentos corretos e justos 0 1 2 3 4
S13. Respeito os meus adversarios 0 1 2 3 4
S14. Cumpro as regras 0 1 2 3 4
S$15. Faco batota, se isso me trouxer beneficios 0 1 2 3 4
S16. Respeito as decisdes de autoridades (ex. arbitro, juiz, O 1 2 3 4
treinador/professor)
S17. Cumpro os principios do 7air-p/ay/ética desportiva 0 1 2 3 4
S18. Compreendo a importancia dos principios do fair-p/ay/ética 0 1 2 3 4
desportiva
S19. Fago para que os outros respeitem o 7air-play/ética desportiva 0 1 2 3 4
S20. Cumpro as regras, mesmo sem supervisao 0 1 2 3 4
S21. Cumpro os principios do fair-play/ética desportiva por iniciativa 0 1 2 3 4
propria
S22. Faco para que 0s outros cumpram as regras 0 1 2 3 4
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S23. Colaboro com os outros 0 1 2 3 4
S24. Sou compreensivo(a) com 0s outros 0 1 2 3 4
S25. Controlo 0 meu comportamento para com 0s outros 0 1 2 3 4
S26. Respeito os outros 0 1 2 3 4
S27. Coopero com 0s outros 0 1 2 3 4
S28. Encorajo os outros 0 1 2 3 4
S29. Preocupo-me com o sucesso dos outros 0 1 2 3 4
S30. Ajudo os outros a terem sucesso 0 1 2 3 4
S31. Sou prestavel com os outros 0 1 2 3 4
S32. Tenho um relacionamento positivo com os outros 0 1 2 3 4
S33. Interajo com os outros 0 1 2 3 4
S34. Partilho um objetivo comum com os outros 0 1 2 3 4
S35. Sinto-me préximo(a) dos outros 0 1 2 3 4
S36. Sinto que ha camaradagem entre mim e os outros 0 1 2 3 4
S37. Faco por melhorar o meu relacionamento com os outros 0 1 2 3 4
Em situa¢des de Atividade Fisica:

S38. Sei como fazer para melhorar o meu relacionamento com os 0 1 2 3 4
outros

S39. Preocupo-me com a qualidade do relacionamento que tenhocom 0 1 2 3 4
0s outros

Nas diversas situa¢des da minha vida:

S40. Envolvo-me mais noutras atividades culturais (ex. teatro, musica) 0 1 2 3 4
porque pratico AF

S41. Sou mais correto(a) e justo(a) porque pratico AF 0 1 2 3 4
S42. Colaboro mais com os outros porque pratico AF 0 1 2 3 4
S43. Tenho melhores relacdes com os outros porque pratico AF 0 1 2 3 4

Este grupo de questdes procura conhecer a tua opinido em relacdo a temas relacionados com a
pratica de Atividade Fisica e estilos de vida saudaveis. L& cada uma com aten¢do e coloca um circulo
em volta da(s) alinea(s) escolhida(s).

C1. Seleciona a op¢do que representa uma refeicao saudavel e equilibrada.

(A) Canja de galinha, cheeseburger, maca, refrigerante.

(B) Sopa de legumes, salmao grelhado com batata-doce e vegetais assados, pera, agua.
(C) Pao de alho, massa a carbonara com salada, pera, agua.

(D) Sopa de feijao, rissois de camarao fritos com arroz de tomate, maca, refrigerante.
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C2. Num dia normal, a Maria ingere no total 2000 kcal e tem um dispéndio caldrico total de 2200 kcal.
Seleciona a op¢do que descreve o balango energético da Maria nesse dia e as consequéncias no seu
peso.

(A) Ela tera um balanco energético negativo e ganhara peso.
(B) Ela tera um balanco energético positivo e ganhara peso.
(C) Ela tera um balango energético positivo e perdera peso.
(D) Ela tera um balango energético negativo e perdera peso.

C3. A "capacidade de captar e utilizar o oxigénio para produzir energia" e a "capacidade de mover uma

ou mais articulag@es através da sua total amplitude" descrevem, respetivamente

(A) a forca muscular e a flexibilidade.

(B) a aptiddo aer6bia e a flexibilidade.
(C) a aptiddo aerdbia e a forca muscular.
(D) a velocidade e a forca muscular.

C4. O Jodo tem pouca forca e flexibilidade e quer melhorar estas capacidades.

Seleciona a opcdo que descreve métodos de treino adequados para o Jodo.

Treino Frequéncia Volume por grupo muscular/articulacao

(A) Forga 2- 3 vezes ndo consecutivas por semana 1 a 3 séries de 12 repeticoes
Flexibilidade 5-7 vezes por semana 30 segundos por alongamento

(B) Forca 1 vez por semana 1 a 3 séries de 12 repeticdes
Flexibilidade 5-7 vezes por semana 30 segundos por alongamento

(C) Forga 2- 3 vezes consecutivas por semana 1 a 3 séries de 12 repeticdes
Flexibilidade 1 vez por semana 30 segundos por alongamento

(D) Forca 2- 3 vezes nao consecutivas por semana 1 a 3 séries de 5 repetices
Flexibilidade 5-7 vezes por semana 30 segundos por alongamento

C5. Seleciona todas as op¢des que descrevem procedimentos basicos para prevenir lesdes e danos fisicos

durante a pratica de atividade fisica.

(A) Aquecer no inicio da atividade e retornar a calma no final.
(B) Aplicar quente imediatamente, em caso de lesdo.

(C) Utilizar material de protec¢do adequado.

(D) Comer uma refeicao 10 minutos antes da atividade.

(E) Cumprir as regras de seguranca da modalidade.

(F) Hidratar regularmente enquanto se estiver em atividade.
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6. Completa o texto, selecionando na tabela a opgdo adequada a cada espacgo.

Uma atleta de competicdo esta a ponderar utilizar esteroides anabolizantes. Esta pratica é _ 1. dado
que _2. verdade desportiva, 3. desempenho desportivoe _4. saude.

1. 2. 3. 4,
(A) segura (A) aumenta a (A) aumenta o (A) aumenta a probabilidade
(B) proibida (B) diminui a (B) diminui o de problemas de
(C) permitida (C) ndo tem efeito na (C) ndo tem efeito no (B) diminui a probabilidade
de problemas de
(C) ndo tem efeito na

C7. A Organiza¢do Mundial de Saude definiu recomendagdes para a pratica de Atividade Fisica.

Seleciona a opcdo que descreve as recomendacdes gerais para criancas e adolescentes, e para
adultos.

(A) Criangas e adolescentes: 60 minutos por dia com intensidade moderada a vigorosa; adultos: 150
minutos por semana com intensidade moderada a vigorosa.

(B) Criancas e adolescentes: 150 minutos por semana com intensidade moderada a vigorosa;
adultos: 150 minutos por semana com intensidade moderada a vigorosa

(C) Criancgas e adolescentes: 30 minutos por dia com intensidade moderada a vigorosa; adultos: 150
minutos por semana com intensidade moderada a vigorosa.

(D) Criangas e adolescentes: 60 minutos por dia com intensidade moderada a vigorosa; adultos: 90
minutos por semana com intensidade moderada a vigorosa.

C8. Seleciona a op¢do que associa corretamente o tipo de treino fisico aos seus impactos na saude.

Tipos de Treino Fisico Impactos na Satude
A. Melhoria da tensdo arterial e da saude
1.Treino de Forga cardiovascular.

B. Aumento da frequéncia cardiaca de repouso
C. Maior mobilidade e capacidade para realizar

2.Treino de Flexibilidade atividades do dia-a-dia
D. Maiores dificuldades de coordenacdo

E. Melhoria nos 0ssos, tenddes e ligamentos e menor
risco de lesdes

3.Treino de Aptiddo Aerdbia

(A) 1-D, 2-C, 3-A
(B) 1-A, 2-B, 3-C
(C) 1-E, 2-B, 3-D
(D) 1-E, 2-C, 3-A
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C9. A férmula de célculo do Indice de Massa Corporal (IMC) é

Peso (kg)
Altura (m)?

(A)

Altura (cm)?
Peso (kg)

(B)

Peso (kg)
Altura (cm)?

(@)

Altura (m)
Peso (kg)?

(D)

C10. Seleciona, com base na andlise das duas tabelas, todas as afirmacdes verdadeiras.

Tabela 1. Tabela 2. Valores de referéncia de IMC (FITescola)
Indice De Massa Corporal
Individuo Sexo Idade | Indice Pratica Zona Saudavel
Massa Atividade Raparigas Rapazes
Corporal Fisica Idade - < > <
1 Masculino 15 18 Irregular 15 | 160 238 | 163 231
2 Feminino = 16 26,3 Irregular 16 | 163 243 | 167 239
3 Masculino = 20 27 Regular 17 164 246 | 172 246
18+ | 185 25,0 | 18,5 | 250

(A) O individuo 1 deveria praticar atividade fisica regularmente.
(B) O individuo 1 encontra-se abaixo da zona saudavel de IMC.
(C) O individuo 2 deveria reduzir o seu peso.

(D) O individuo 3 deveria manter o seu peso.

(E) O individuo 2 tem maior risco de doencas que o individuo 3.

Confirma por favor que respondeste a todas as questdes.
Muito obrigado pela tua imprescindivel participacdo!
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Additional File 4
0Old label New label (v1.0)
(v0.6)

P1 MOT4
P2R MOT3R
P5R MOT1R

P7 MOT5

P8 MOT2
P11 MOT7
P43 MOT6
P13 CON1
P14 CON6
P16 CON4
P18 CON2
P19 CON5
P20 CON9g
P21 CON7
P22 CONS8
P44 CON3
P23 EMO5
P25 EMO1
P28 EMO2
P29 EMO7
P30 EMO3
P31 EMO4
P32 EMO6
P33 PHY6
P35 PHY1
P36 PHY2
P37 PHY5
P38 PHY3
P39 PHY?7
P/1 PHYS8
P42 PHY/

S2 CUL6

S3 CUL3

S5 CUL2

S6 CUL1

S7 CUL4

S8 CUL6

S9 CUL7
S12 ETH6
S13 ETH1
S14 ETH2
S17 ETH3
S19 ETH5
S21 ETH4
S23 COL3
S24 COL4
S26 COL1
S27 COL2
S28 COL5
S30 COL6
S32 REL1
S33 REL2
S34 REL5
S36 REL4
S37 REL3
S38 REL6

®Item should be reverse scored during
analysis
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English version

For the next question group, you should remember that PA = Physical Activity(ies), and includes every
situation that require movement, like your Physical Education classes, sport-based activities (team or
individual), rhythmic activities (e.g., dance), exercise (e.g., strength training, jogging), and any activities
that you use as a mean of transportation or in your spare time.

In each statement below, select how much it describes you, circling one of the options from 0to 4 0
= Not at all; 1= Slightly; 2 =Moderately; 3 =Quite a lot; 4 = Totally).

> o
= 9 o
i > o © >
S E © £ =
. e o =
How much do these statements describe you? 2 5 = & B
MOT4. I am motivated to practice PA 0 1 2 3 4
MOT3R. I practice PA because others tell me I should 0 1 2 3 4
MOT1R. I feel pressured by others to practice PA 0 2 3 4
MOTS5. I practice PA because it is fun 0 1 2 3 4
MOT2. I feel good when I practice PA 0 1 2 3 4
MOT7. I see PA as a fundamental part of who I.am 0 1 2 3 4
PSY. I enjoy practicing PA 0 1 2 3 4
CONT1. I feel confident to practice PA 0 1 2 3 4
In Physical Activity contexts:
CONG®6. I am confident in my abilities 0 1 2 3 4
CONA4. I consider myself competent 0 1 2 3 4
CONZ2. I feel good about the way I can participate 0 1 2 3 4
CONS. I can participate in PA that I consider challenging 0 1 2 3 4
CONB9. I know how to become more confident in myself 0 1 2 3 4
CON?7. I feel competent even when I am criticized 0 1 2 3 4
CONS8. I believe in myself even when I lose 0 1 2 3 4
EMOS5. I can manage my emotions 0 1 2 3 4
EMO1. I can recognize my emotions 0 1 2 3 4
EMO2. I can identify what I feel 0 1 2 3 4
EMO7. I can anticipate what I will feel 0 1 2 3 4
EMO3. I can deal with difficulties rationally 0 1 2 3 4
EMOA4. I can manage my emotions when necessary 0 1 2 3 4
EMOG. I have a good control of my emotions 0 1 2 3 4
PHY6. I can manage my effort 0 1 2 3 4
PHY1.Ican recognize changes in my breathing 0 1 2 3 4

245



Portuguese Physical Literacy Assessment (PPLA)

In Physical Activity contexts:

PHY2.1 can recognize changes in my heart rate

PHY5. I recognize my physical limits

PHY3. I can recognize the effect that different intensities have in me

PHY7. 1 use strategies to manage my effort

PHY8. I can control my fatigue

o| O ol ol o] ©
N| N[ N N NN
Ww| Wl Wl w w w
N T S

PHY4. I take action to improve my physical skills

In the different contexts of my life:

MOTé. I feel more motivated to reach my goals because I practice PA 0 1 2 3 4
CONS3. I feel more confident in my skills because I practice PA 0 1 2
> L
= =] o
0z 5 =
How much do these statements describe you? 5 ®» 3 5 §
4 ] = o [
CULS6. I participate in PA rituals (e.g., greetings, hymns/chants, cheers, 0 , 3 A

applauses)

CUL3. I use specific PA terminology (e.g., names of technics and tactics,
names of equipment, idioms)

CUL2. I watch PA events (e.g., competitions, spectacles, shows) 0 1 2 3 4

CUL1. I like to keep up with PA events (e.g., competitions, spectacles,
shows)]

CUL4. I am interested in the cultural aspects of PA (e.g., its rituals,
terminology, clothing, values)]

CUL6. I encourage others to watch PA events (e.g., competitions,
spectacles, shows)

CUL7. T encourage others to participate in each PA’s culture (e.g.,
rituals, terminology, clothing)]

PL. I can lead a healthy and active life 0 1 2 3 4

In Physical Activity contexts:

SOC. I work well with others

ETH6. I try to behave correctly and justly

ETH1. I respect my adversaries

ETH2. I follow the rules

o] o o o o
—

Nl N N NN

W} Wl w w w

B I S I~ B - N B -

ETH3. I behave according to fair-play / sport ethics ‘principles

ETH5. I take action to make others behave according to fair play/sport
ethics

o
N
N
w
N

ETH4. I behave according to fair play/sport ethics’ principles on my
initiative

COL3.I collaborate with others 0 1 2 3 4
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In Physical Activity contexts:

COL4. I am sympathetic with others 0 1 2 3 4
COL1. I respect others 0 1 2 3 4
COL2. I cooperate with others 0 1 2 3 4
COLS. I encourage others 0 1 2 3 4
COLS6. I help others achieve success 0 1 2 3 4
REL1. I have a positive relationship with others o 1 2 3 4
REL2. Iinteract with others 0 1 2 3 4
RELS5. I share a common goal with others o 1 2 3 4
REL4. I feel a sense of camaraderie with others o 1 2 3 4
REL3. I take action to improve my relationship with others 0 1 2 3 4

o
N
N
w
N

REL6. I know how to improve my relationship with others

Check that you answered all questions.

Thank you for your invaluable participation!
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Versdo Portuguesa

Para responderes ao préximo grupo, deves relembrar que AF = Atividade(s) Fisica(s), e que inclui todas
as situagdes que impliquem movimento, como por exemplo, as aulas de Educacgao Fisica, as atividades
desportivas (coletivas ou individuais), as atividades ritmicas (ex. danca), o exercicio fisico (ex. treino
de forga, jogging), e as atividades fisicas que fagas para te deslocar ou nos teus tempos livres.

Para cada afirmacdo abaixo deves selecionar o quanto essa te descreve circundando uma das op¢des
de 0 a 4 (0= Nada, 1= Pouco, 2= Moderadamente, 3= Bastante, 4= Totalmente).

Como é que estas frases te descrevem?

—| Pouco

MOTA4. Sinto-me motivado(a) para praticar AF

MOT3L Faco AF porque outras pessoas dizem que devo fazer

MOT1L Sinto-me pressionado(a) pelos outros para fazer AF

MOTS5. Fago AF porque é divertido

MOT2. Sinto-me bem quando faco AF

MOT7. Vejo a AF como parte fundamental de quem sou

PSY. Gosto de praticar AF

N N N N N N| N[ N | Moderadamente

o| ol ol o| ol o| o| of Nada

—
w| Wl wl w| w| w| w| w]| Bastante
Al » | A p| B| Totalmente

CON/1. Sinto-me confiante para praticar AF

Em situa¢des de Atividade Fisica:

CONG®. Sinto-me confiante nas minhas habilidades 0 1 2 3 4
CONA4. Considero-me bom/boa praticante 0 1 2 3 4
CONZ2. Sinto-me bem com a forma como consigo participar 0 1 2 3 4
CONS. Consigo participar em AF que considero desafiantes 0 1 2 3 4
CONB9. Sei como fazer para me tornar mais confiante 0 1 2 3 4
CON?7. Sinto-me capaz mesmo quando sou criticado(a) 0 1 2 3 4
CONB8. Acredito na minha capacidade mesmo quando falho 0 1 2 3 4
EMOS5. Consigo gerir as minhas emocdes 0 1 2 3 4
EMO1. Consigo reconhecer as minhas emocgdes 0 1 2 3 4
EMO2. Consigo identificar o que sinto 0 1 2 3 4
EMO7. Consigo antecipar as minhas emocd&es 0 1 2 3 4
EMO3. Consigo lidar com as dificuldades racionalmente 0 1 2 3 4
EMOA4. Consigo gerir as minhas emoc¢des quando necessario 0 1 2 3 4
EMOG6. Tenho um bom controlo das minhas emoc¢des 0 1 2 3 4
PHY6. Consigo gerir o meu esforg¢o 0 1 2 3 4
PHY1. Consigo aperceber-me de mudancas na minha respira¢ao 0 1 2 3 4
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Em situa¢des de Atividade Fisica:

PHY2. Consigo reconhecer mudangas no meu ritmo cardiaco 0 1 2 3 4
PHY5. Tenho nogdo dos meus limites fisicos 0 1 2 3 4
PHY3. Reconheco o efeito que diferentes intensidades de esforco tém 0 1 5 3 4
em mim
PHY7. Utilizo estratégias para gerir o meu esforgo 0 1 2 3 4
PHY8. Consigo controlar o meu cansago 0 1 2 3 4
PHY4. Faco por melhorar as minhas capacidades fisicas 0 1 2 3 4
Nas diversas situa¢des da minha vida:
MOT6. Sinto-me mais motivado(a) a atingir os meus objetivos porque 0 1 ) 3 4
pratico AF
CON3. Sinto-me mais confiante nas minhas capacidades porque 1 2 3 4
pratico AF
2
g
g 8
T g o
p © 8 5 s E
Como é que estas frases te descrevem? 5 3 38 & 8
z o = m =
CUL®6. Participo em rituais das AF (ex. saudagdes, hinos/canticos, gritos,
aplausos) 0 1 2 3 4
CUL3. Utilizo termos especificos das AF (ex. nomes de técnicas ou
taticas, nomes de equipamento, expressoes) 0 1 2 3 4
CUL2. Assisto a eventos de AF (ex. competicbes, demonstracdes,
programas) 0 1 2 3 4
CUL1. Gosto de acompanhar eventos de AF (ex. competices,
demonstragdes, programas) 0 1 2 3 4
CULA4. Interesso-me pelos aspetos culturais das AF (ex. os seus rituais,
termos especificos, roupa, valores) 0 1 2 3 4
CUL6. Incentivo os outros a assistirem a eventos de AF (ex.
competicdes, demonstracdes, programas) 0 1 2 3 4
CUL7. Encorajo os outros a participar na cultura de cada AF (ex. rituais,
termos especificos, roupa) 0 1 2 3 4
PL. Consigo ter uma vida ativa e saudavel 0 1 2 3 4
Em situa¢des de Atividade Fisica:
SOC. Trabalho bem com os outros 0 1 2 3 4
ETH6. Tento ter comportamentos corretos e justos 0 1 2 3 4
ETH1. Respeito os meus adversarios 0 1 2 3 4
ETH2. Cumpro as regras o 1 2 3 4
ETH3. Cumpro os principios do fair-play/ética desportiva 0 1 2 3 4
0 1 2 3 4

ETH5. Faco para que os outros respeitem o fair-play/ética desportiva
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Em situa¢des de Atividade Fisica:

ETH4. Cumpro os principios do 7air-p/ay/ética desportiva por iniciativa

. 0 1 2 3 4
prépria
COL3. Colaboro com os outros 0 1 2 3 4
COL4. Sou compreensivo(a) com 0s outros 0 1 2 3 4
COL1. Respeito os outros 0 1 2 3 4
COL2. Coopero com os outros 0 1 2 3 4
COL5. Encorajo os outros 0 1 2 3 4
COL6. Ajudo os outros a terem sucesso 0 1 2 3 4
REL1. Tenho um relacionamento positivo com os outros 0 1 2 3 4
REL2. Interajo com os outros 0 1 2 3 4
RELS5. Partilho um objetivo comum com os outros 0 1 2 3 4
REL4. Sinto que had camaradagem entre mim e os outros 0 1 2 3 4
REL3. Faco por melhorar o meu relacionamento com os outros 0 1 2 3 4

REL6. Sei como fazer para melhorar o meu relacionamento com os
outros

o
N
N
w
N

Confirma por favor que respondeste a todas as questdes.
Muito obrigado pela tua imprescindivel participacao!
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Additional File 5

Table Tennis | Badmintons | Veleyball

i
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Additional File 6

PPLA - Student Report

This report presents your Physical Literacy results - set of skills, confidence, motivation and knowledge that
you have regarding physical activity and your body, in the physical, cognitive, psychological and social dimen-
sions. In addition, you will find some recommendations and information which you can use to improve. You
should talk with your Physical Education teacher so that you can define an improvement strategy together.

Physical Participant ID: I
School: I
Class: 11°3
Sex: Male
Age: 17

Social Cognitive The plot to the left presents a summary of
your Physical Literacy profile in the four
dimensions. The light green circle repre-
sents the entry point into a higher devel-
opment level in each dimension; while the
dark green circle represents the maximum

Psychological points attainable in each dimension.

Physical Dimension | 460 in 500 possible points
Health-Related Fitness | 296 in 300 possible points

Below you will find your results in the FITescolas protocols. In each capacity, the light green represents the
Healthy Zone, the zone in which you should be to be healthy; the dark green line represents the Athletic
Profile, indicating that you are in a great level of physical fitness and that you have achieved the maximum
score for that capacity.

Recommendations:

+ Keep on training your cardiorespiratory endurance by par-

ticipating daily in 60 minutes, or more of physical activity,

— _ including more than 3 times per week of vigorous intensity

Endurance activities (e.g., swimming, running, or riding a bicycle fast).

“eusere o 100paits You can also try cardio workouts with variations of intensity,
or high intensity intervals.

e Challenge yourself by including in your daily workout a va-

oo S0 riety of core exercises that require anti-rotation and anti-

Upper Body Muscular _ extension of the trunk. You can perform these exercises in

[
Fndurance Fushups) 3 sets of 1 minute each, interspersed with 30 seconds of

Core Muscular
Endurance (Curl-ups)

* Equivalent to 50 paints. ()

rest.
Lower iexibiity it and ¢ Keep on training your upper body muscular endurance and
strength, and don’t forget to also train your lower body mus-
L““"”‘“E{’J"'Y.F‘.%.;’A‘! cles. Try to intersperse training of muscle groups in different
et w0 days, allowing 48 hours of rest for the same muscle group,
and increase the load progressively by using external weight
Shoulder Flex‘\hilltevfe ": needed .

e Keep on training your shoulder flexibility regularly and take
the chance to train the flexibility of other joints of your
body, stretching for 30 seconds per exercise.

e Keep on training your lower limbs flexibility regularly, per-
forming 30 seconds of stretching per exercise. You can use
a yoga block, or similar object, to challenge yourself.

Shoulder Flex'\h'illg'é'ﬁ

* Equivalent ta 50 points
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PPLA - Student Report

Movement Skills | 164 in 200 possible points

Below you will find your Movement Skills results divided into Object Manipulation - your skill in controlling
object with your hands or feet (e.g., throw, kick, hit with a racquet) - and Locomotion Skills - related with
whole-body control skills (e.g., jumping, rolling, running).

The light green line marks the transition to a higher level of development in each element, with 100 points
as the maximum score.

Recommendations:

« Perfect your locomotion skills through complex
exercises or situations that involve these skills
(e.g., Gymnastics, Dance, Athletics); try to trans-

Locomation  [PYSN fer these skills between physical activities you
skill have mastered and others in which you are im-

(VI 89 pts. proving.
0 25 50 75 100 * Perfect your object manipulation skills through

complex exercises or situations that involve
these skills (e.g., Team Sports, Racquets); try to
transfer these skills between physical activities
you have mastered and others in which you are
improving.

Cognitive Dimension | 219 in 300 possible pointss

This dimension includes elements like Content Knowledge about themes related with healthy and active
lifestyles, as well as your Tactics and Rules application in physical activities.

The light green line marks the transition to a higher level of development in each element, with 100 points
as the maximum score.

Recommendations:

* You should keep on learning about the following
themes:

- Safety and Risk
- Benefits of Physical Activity
- Body Composition

Content
Knowledge

Rules

¢ Support other during physical activities and help
them learn and respect existing rules. You can
also try the role of referee or judge.

Tactics

100

e Perfect your tactical skills by participating in di-
verse physical activities that include this compo-
nent. Work on adapting your behaviors in func-
tion of your opponent, be that individually or in
team.
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PPLA - Student Report

Psychological Dimension | 245 in 400 possible points

This dimension includes elements like your Motivation and Confidence to practice physical activity, as well
as the way you manage your emotions (Emotional Regulation) and effort (Physical Regulation) during this
practice.

The light green line marks the transition to a higher level of development in each element, with 100 points
as the maximum score.

Recommendations:

e Participate in physical activities that challenge
you; continuously evaluate your skills and set im-
provement goals.

e Participate in physical activities that you enjoy
and try to acknowledge the benefits that phys-
ical activity offers you.

e Keep on developing and applying strategies that
allow you to regulate your emotions during phys-
ical activity (e.g., deep breaths, visualization).

e Keep on developing and applying strategies that
allow you to regulate your effort and persist in
intense physical activities.

Confidence

Emotional
Regulation

Motivation

Phrsical
Regulation

Social Dimension | 296 in 400 possible points

This dimension includes elements related with your interactions with others during physical activity. Culture
represents the way you participate in the culture of sport/movement (e.g., through its specific language/terms,
rituals, and values); Ethics represents your adherence and respect to fair play/sport ethics principles; Collab-
oration refers to the way you respect and collaborate with others; and Relationships represents your sense
of connection and relationship with others.

The light green line marks the transition to a higher level of development in each element, with 100 points
as the maximum score.

Recommendations:

e Take the chance to encourage and support the
success of others during physical activities.

e Explore the values present in movement/sport
culture and experiment with ways to share its
meaning with others.

e« Keep on exploring and applying fair play/sport
ethics and encourage others to do so in physical
activities.

100 e |nvest in relationships that you have with oth-
ers during physical activity, always trying to keep
your interactions positive and encouraging.

Collaboration

Culture

Ethics

Relationships
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PPLA - Class Report

This report presents the results of your class’s Physical Literacy — set of skills, competences, confidence,
motivation and knowledge regarding physical activity and one’s body, in the physical, cognitive, psychologi-
cal and social dimensions. You might notice that each of these dimensions is divided into elements. In those
elements, results will be presented in two main development levels: foundation and mastery. The foundation
level refers to the development of essential skills in each element and is related with initial learning experi-
ences; the mastery level refers to a deeper level of the respective skills, requiring complex learning tasks. The
transition between these levels will be marked by a line in all plots - except in Health-Related
Fitness, since standards are dependent on age and sex.

In the Psychological and Social dimensions, you will notice bars of two different colors for each element, since
each element was assessed through two different scales; the lighter of the two corresponds to the foundation
level score, while the darker corresponds to the mastery score - allowing to better adapt the learning strategy
required, since a student might mostly be in a mastery level (already over the ) line), but still have
gaps in the foundation skills.

In addition to the result, you will also receive some suggestions of teaching strategies that you may use to
improve your student's development in each element - both in the foundation and mastery levels.

Physical

School: I
Class: 11°C

The plot to the left presents a sum-
mary of the Physical Literacy profile
Social Cognitive of your class in the four dimensions.
The circle represents the
entry point into the mastery level in
each dimension; while the dark green
circle represents the maximum points
attainable in each dimension.

Psychological
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PPLA - Class Report

Physical Dimension | Class average: 296 in 500 possible points
Health-Related Fitness | Class average: 205 in 300 possible points

Below you will find the FITescola protocols results. The dark green line represents the maximum score (cor-
respondent to the Athletic Profile). In each individual report, students have access to a light green line that
represents the Healthy Zone (mark the transitions between foundation and mastery level, in the fitness case)
- since standards for these results are based on age and sex, it is not possible to display them in these class
plots.

Cardiorespiratory Endurance
CID106

Suggested strategies:
Cardiorespiratory Endurance

e Foudantion: Provide regular opportunities for students to
train their cardiorespiratory endurance, promoting that they
participate daily in 60 minutes of physical activity, and in-
clude at least 3 times per week vigorous intensity activities
(e.g., swimming, running, or riding a bicycle fast).

e Mastery: Provide regular opportunities for students to train
their cardiorespiratory endurance, promoting that they par-
ticipate daily in 60 or more minutes of physical activity, and
include vigorous intensity activities (e.g., swimming, run-
ning, or riding a bicycle fast) more than 3 times per week.
Explore the use of high intensity interval training during
classes. Teach students basic periodization and training
methods for cardiorespiratory endurance training.

Cip107

Cip108

CID109

Cip110

Cip111

CiD112

CiD114

CID115

Core muscular endurance
CID106

CID107

cID108 Core muscle endurance

CID109 e Foundation: Provide opportunities for students to train
their core muscle endurance in every class and learn how
to train this capacity during the week (e.g., daily workouts
with 3 sets of 30 seconds exercises, interspersed with 30
seconds of rest).

e Mastery: Provide opportunities for students to train their
core muscle endurance with a variety of exercises that in-

0 10 20 30 40 50 volve anti-rotation and anti-extension of the trunk (e.g., us-

Upper body muscular endurance (Push-ups) ing 3 sets of 1 minute, interspersed with 30 seconds or rest).

CID106

CiD110
Cip111
CiD112
CiD114

CiD115

i Upper body muscle endurance

e Foundation: Provide opportunities for students to train
their upper body strength and endurance during class and
learn how to train this capacity during the week (e.g., 3 times
per week, 3 sets of 8 to 15 repetitions per muscle group,
with 30 seconds of rest between sets).

e Mastery: Provide opportunities for students to train their
upper and lower muscle strength and endurance; for more
advanced students, usage of additional weight might be
beneficial. Teach students basic periodization and training
methods for strength training.

CiD108

CiD109

CiD110

Cip111

CID112

CiD114

CID115

0 10 20 30 40 50

256



Portuguese Physical Literacy Assessment (PPLA)

PPLA - Class Report

Lower flexibility (Sit and Reach)

CID106
CID107
cIp108
CID109 Lower flexibility
D110 « Foundation: Provide opportunities for students
to train lower limb flexibility in every class, us-
e ing, for example, a towel or elastic band to help
stretching during 30 seconds per leg. Prescribe
CID112 daily training of this capacity to students.
e Mastery: Provide regular and diverse opportu-
CID114 nities for training lower limb flexibility, using, for
example a yoga block or similar object to increase
CID115 | NotAssessed the challenge of stretching exercises. Teach stu-
dents basic periodization and training methods

0 10 20 30 40 50 for flexibility training.
Shoulder flexibility

Shoulder flexibility
CID106
+ Foundation: Provide opportunities for students
CID107 to train shoulder flexibility in every class, us-
ing, for example, a towel or elastic band to help
CID108 stretching during 30 seconds per leg. Prescribe
daily training of this capacity to students.
CID109 « Mastery: Provide regular and diverse opportuni-
ties for training upper limb flexibility, maintain-
CID110 ing the stretch for 30 seconds per exercise, and
using techniques to increase the challenge (e.g.,
Cip111 peer help, use of walls or wall bars).
Cip112
ciD114
CID115

0 One shoulder Two shoulders
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PPLA - Class Report

Movement Skills | Class average: 91 in 200 possible points

Below you will find your class’s movement skills results based on the proficiency levels of each activity as-
sessed; this are is divided into Object Manipulation - related with object control skills using either the hands
or the feet (e.g., throwing, kicking, hitting with a racquet) - and Locomotion skills - related with whole-body

control skills (e.g., jumping, rolling, running).

Thelight green line separates the Foundation level from the mastery level in each element.

Locomotion Skills

CID106

CID107

CiD108

CID109

CID110

CID111

Cip112

CiD114

CID115

0

Object Manipulation

CID106

CID107

CiD108

CID109

CID110

CiD111

CiD112

CiD114

CID115

25

25

50

75

75

100

Suggested strategies::
Locomotion skills

¢ Foundation: Keep on providing learning oppor-
tunities in activities that require whole body
movement across space, with diverse movement
skills like jumping, rolling, and running (e.g., Gym-
nastics, Dance, Athletics, Rollerskating).

e Mastery: Provide complex exercises or prac-
tice situations that involve locomotion skills (e.g.,
Gymnastics, Dance, Athletics, Rollerskating), and
learning tasks that capitalize on transferring stu-
dent's competence from well-developed activi-
ties to other less-developed ones.

Object manipulation skills

¢ Foundation: Keep on providing learning oppor-
tunities in activities that require object manipu-
lation (e.g., Team Sports, Racquets).

¢ Mastery: Provide complex exercises or prac-
tice situations that involve object manipulation
(e.g., Team Sports, Racquets), and learning tasks
that capitalize on transferring student’s compe-
tence from well-developed activities to other
less-developed ones.
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PPLA - Class Report

Cognitive Dimension | Class average: 175 in 300 possible points

This dimension includes elements like Content Knowledge about themes related with healthy and active
lifestyles, as well as the knowledge and application of Tactics and Rules during physical activities (the later
two derived from proficiency levels in each activity). In the case of Content Knowledge, this element has
content ranging from grade 10 to grade 12 of the Physical Education syllabus, as such, grade 10 classes while
generally present lower levels because these contents might have not been taught yet.

The light green line separates the foundation level from the mastery level in each element.

Content Knowledge

CID106
CiD107
CID108
CID109
CiD110
cib111 Suggested strategies:
cIp112 Content Knowledge (Average percentage of correct an-
swers per theme)
CID114 . . .
* Weight regulation mechanisms: 100%
cib11s e Training methods: 40%
0 25 50 75 100 « Safety and Risk: 34%
Tactics « Benefits of Physical Activity: 34%
* Body Composition: 11%

CID106

CID107 Rules

CiD108 e Foundation: Provide learning tasks focuses on

rules in diverse physical activities.

+ Mastery: Provide situations that maximize stu-
dent’s responsibility and involvement in the rules
of physical activity (e.g., roles of referee or judge,
spotting colleagues during Gymnastics).

CID109
CID110
CiD111
CID112
cID114 Tactics

cID115 * Foundation: Provide learning tasks focused on
tactical skills in diverse physical activities that
Rules include this component (e.g., Team Sports, Rac-

quets), reinforcing their importance for success.

cib1oe « Mastery: Provide learning tasks focused on com-

CID107 plex tactical skills based in settings that mimic

CID108 each activity's formal nature. Work on the abil-
ity to adapt individual and collective behavior ac-

cib109 cording to their adversary, to attain advantage.

CID110

CiD111

CiD112

CID114

CID115 Not Assessed

75 100
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PPLA - Class Report

Psychological Dimension | Class average: 292 in 400 possible points

This dimension includes elements like Motivation and Confidence for practicing physical activity, as well as
the way students manage their emotions (Emotional Regulation) and effort (Physical Regulation) during this
practice.

Confidence

CID106

CID107

CiD108

CID109

CiD110

Cip111

CID112

CID114

CID115

Motivation

CID106

CID107

CiD108

CID109

CID110

CiD111

CiD112

CID114

CID115

22pts.

W0pts.

25 50 75 100
25 50 75 100

Emotional Regulation

25 50 100

CID106

CID107

CiD108

CID109

CID110

D111

CID112

CID114

CID115

Physical Regulation

CID106

Cip107

CID108

CID109

CID110

Cip111

Cip112

CiD114

CID115

0

S0pts.

32pts.

48pts.

50pts.

35pts.

28pts.

0pts.

0pts.

ISpts.

48pts.

48pts.

S0pts.

40pts.

38pts.

40pts.

50pts.

42pts.

38pts.

25

75
50 75 100

Suggested strategies:
Confidence

¢ Foundation: Provide opportunities for students to feel com-
petent in diverse physical activities and learn how to iden-
tify areas of future improvement.

e Mastery: Provide challenging activities and opportunities
for on-going evaluation of individual skills and definition of
learning goals. Discuss the possibility of using these evalu-
ation skills in other settings of their life.

Motivation

e Foundation: Support students in searching and participat-
ing in physical activities that they enjoy and reinforce its
benefits (e.g., well-being and relaxation). Maximize oppor-
tunities where students can choose activities, and where
they can bond with their colleagues.

e Mastery: Support students in reflecting on how physical ac-
tivity fits into their identities and life goals. Continue to rein-
force their sense of autonomy and involvement with others.

Emotional Regulation

e Foundation: Include opportunities for students to iden-
tify their emotions during physical activity (e.g., happiness,
anger, fear), encouraging them to understand its causes.

e Mastery: Provide learning tasks focused on emotional reg-
ulation techniques (e.g., deep breathing, visualization). Dis-
cuss the possibility of using these skills in other settings of
their life.

Physical Regulation

e Foundation: Include opportunities for students to identify
physical indicators/signs like fatigue, pain, increase in breath
and heart rate, and to learn about its physiological mecha-
nisms.

e Mastery: Provide learning tasks focused on physical regula-
tion/effort management in intense physical activities. Dis-
cuss the possibility of using these regulation skills in other
settings of their life.
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PPLA - Class Report

Social Dimension | Class average: 327 in 400 possible points

This dimension includes element pertaining to student’s interaction with others. Culture represents the way
students participate in sport/movement culture (e.g., through its specific terminology, rituals and values);
Ethics represents the respect and adherence to fair-play/sport’s ethics principles; Collaboration refers to the
way students respect and collaborate with others; and Relationships represents the sense of connection and
relationship with others.

Collaboration
CID106

Suggested strategies:
Collaboration

CID107

CiD108
o Foundation: Provide active cooperation opportunities in di-

verse physical activities, reinforcing its importance towards
success, safety, and well-being.

e Mastery: Provide leadership (e.g., group/team leader) and
mutual assistance (e.g., teaching styles that involve peer-
supported learning) opportunities within class. Discuss the
possibility of using these leadership and collaboration skills
in other settings of their life.

CID109
cip110
Cip111
Cip112
Cip114
CID115

[} 25 50 75 100

cip10 Culture

o e Foundation: Promote usage of technical terms referent to

each physical activity and provide opportunities for stu-
dents to create simple team rituals (e.g., cheers, applauses).
Discuss cultural aspects of activities (e.g., their history, and
values.

e Mastery: Support students’ exploration of the values inher-
ent to the sport/movement culture and sharing of its mean-
ing with others (e.g., encouraging students to follow events

100 of physical activities that they enjoy).

CID108

CID109

cip110

Cip111

Cip112

Cip114

CiDp115

0
Ethics

Ethics

e Foundation: Provide learning tasks focused on fair-
play/sport ethics principles (formal, e.g., rules, and informal,
e.g., etiquette guidelines), as well as opportunities to apply
them during physical activity.

e Mastery: Provide learning tasks that promote self-
regulation of fair-play/ethical behavior (e.g., games without
supervision of a referee) and hetero-regulation among peers
(e.g., roles of referee or judge, evaluation of adherence to in-
formal rules of physical activity).

CID106
CiD107
CID108
CID109
cip110
Cip111
Cip112
CiD114

CiDp115

cip106 Relationships

ci107 e Foundation: Promote opportunities that reinforce student’s
sense of belonging to the class, and to the diverse practice
groups.

e Mastery: Promote opportunities in which students can
serve as role models and learning agents, making them re-
sponsible for being active developers of their relationship
with others during physical activities. Discuss the possibil-
ity of using these skills in other settings of their life.

Cip108

CiD109

cip110

Cip111

CID112

Cip114

CID115
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